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(54) Silyl (meth)acrylate copolymers, processes for preparing the same, antifouling paint 
compositions containing the silyl (meth)acrylate copolymers, antifouling coating films 
formed from the antifouling paint compositions, antifouling methods using the antifouling 
paint compositions, and hulls or underwater structures coated with the antifouling coating 
films 
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(57) A silyl (meth)acrylate copolymer which com- 
prises (a) silyl (meth)acrylate constituent units of formu- 
la (I), or (III) 



CH 2 



CR'COOSiR 2 R 3 R 4 



. .. (i) 



-CH 2 -CR(COOSiR 11 R 12 R 13 ) 



(III) 



wherein R 1 to R 4 and R to R 1 3 are as defined herein, (b) 
acrylic unsaturated monomer constituent units of formu- 
la (II) or silyl (meth)acrylate constituent units of formula 



(IV) 



CH 



R 5 COZ 



(ID 



-CH 2 -CR(COOSiR 14 R 15 R 16 ) 



(IV) 



wherein R, R 5 , Z and R 14 to R 16 are as defined herein 
and (c) unsaturated monomer constituent units other 
than the constituent units (a) and (b), providing that 
when (a) is a component of formula (I), (b) is a com- 
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pound of formula (II); when (a) is a compound of formula 
(III), (b) is a compound of formula (IV); and the total 
amount of the constituent units (a), (b) and (c) is 100 % 
by weight; 



and which has a weight-average molecular 
weight, as measured by GPC, of not more than 200,000. 
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Description * 
TECHNICAL FIELD 

5 [0001 ] The present invention relates to silyl (meth)acrylate copolymers, processes for preparing the same, antitouling 
paint compositions containing the silyl (meth)acrylate copolymers, antitouling coating films formed from the antifouling 
paint compositions, antifouling methods using the antifouling paint compositions, and hulls or underwater structures 
coated with the coating films. 

[0002] More particularly, the invention relates to silyl (meth)acrylate copolymers which can produce antifouling paints 
10 capable of forming antifouling coating films which hardly suffer from occurrence of cracks, have excellent adhesive 
strength and thereby hardly suffer from peeling, can be favorably controlled in the hydrolysis rate, and are excellent in 
antifouling performance (antifouling activities), antifouling properties, particularly antifouling properties in a highly foul- 
ing environment, and long-term antifouling properties. The invention also relates, to processes for preparing such co- 
polymers, antifouling paint compositions capable of forming antifouling coating films having the above properties, an- 
ts tifouling coating films formed from the antifouling paint compositions, antifouling methods using the antifouling paint 
compositions, and hulls or underwater structures coated with the coating films. 

BACKGROUND ART 

20 [0003] Ships' bottoms, underwater structures, fishing nets, etc. sometimes have bad appearances and lose their 
functions, when they are exposed to water for a long time and various aquatic organisms, for example, animals such 
as oysters, hard-shell mussels and barnacles, plants such as laver, and aquatic bacteria adhere and propagate thereon. 
[0004] Especially when such aquatic organisms adhere and propagate on a ship's bottom, the surface roughness 
of the whole ship may be increased to induce decrease of velocity of the ship or increase of fuel consumption. Further, 

25 removal of such aquatic organisms from the ship's bottom needs much labor and a long period of working time. In 
addition, if bacteria adhere and propagate on an underwater structure and slime (sludge-like substance) further adheres 
thereto to bring about decomposition of the bacteria, or if large-sized organisms adhere and propagate on an under- 
water structure such as a steel structure to damage anticorrosive coating films of the underwater structure, the strength 
or the function of the underwater structure may be lowered to thereby extremely shorten the lifetime of the underwater 

30 structure. 

[0005] In order to prevent such problems, ships* bottoms have been hitherto coated with antifouling paints of excellent 
antifouling properties, for example, a paint containing a copolymer of tributyltin methacrylate and methyl methacrylate 
or the like and cuprous oxide (Cu 2 0). The copolymer contained in this antifouling paint is hydrolyzed in seawateV to 
release an organotin compound such as bistributyltin oxide (tributyltin ether, Bu 3 Sn-OSnBu 3 (Bu: butyl group)) or 
35 tributyltin halide (Bu 3 SnX (X: halogen atom)) and exerts an antifouling effect, and besides the hydrolyzed copolymer 
itself becomes watersoluble and is dissolved in seawater. That is, this antifouling paint is a "hydrolyzable self -polishing 
paint 0 , so that no resin residue remains on the coated surface of the ship's bottom, and the surface can be always kept 
active. 

[0006] Such organotin compounds, however, are strongly toxic, and there are fears of marine pollution, occurrence 
40 of malformed fish or malformed shellfish and evil influences on the biosystem due to the food chain. For this reason, 
development of tin-free antifouling paints substitutable for the conventional paints has been desired. 
[0007] The tin-free antifouling paints are, for example, silyl ester antifouling paints described in (1 ) Japanese Patent 
Laid-Open Publication No. 264170/1992, (2) Japanese Patent Laid-Open Publication No. 264169/1992 and (3) Japa- 
nese Patent Laid-Open Publication No. 264168/1992. These antifouling paints, however, have problems of poor anti- 
45 fouling properties and occurrence of cracking or peeling, as taught by (4) Japanese Patent Laid-Open Publication No. 
1 57941/1 994 and (5) Japanese Patent Laid-Open Publication No. 1 57940/1 994. . 

[0008] in (6) Japanese Patent Laid-Open Publication No. 196869/1990, an antifouling paint containing a chemically 
modified acid functional copolyme><A), which is obtained by copolymerizing trimethylsilyl methacrylate, ethyl methacr- 
ylate and methoxyethyl acrylate in the presence of an azo polymerization initiator and contains a carboxylic acid group 

50 blocked by a trimethylsilyl group, and a compound (B) of a polyvalent cation is taught. This antifouling paint, however, 
has a problem that a coating film obtained from the antifouling paint is not satisfactory in the crack resistance. 
[0009] in (7) National Publication No. 500452/1 9B5 of International Patent Application and Japanese Patent Laid- 
Open Publication No. 215780/1988, a resin for an antifouling paint, which is obtained by copolymerizing a vinyl mon- 
omer having an orgahosilyl group such as a trialkylsilyl ester of (meth)acrylic acid with another vinyl monomer and has 

55 a number-average molecular weight of 3,000 to 40,000, is described. It is also described that an organic water binder 
such as trimethyl orthoformate, an antifouling agent such as cuprous oxide and a pigment such as red iron oxide can 
be further added. This resin for an antifouling paint, however, has problems that the resin is liable to be gelatinized 
when stored and a coating film formed from the antifouling paint has poor' crack resistance and peel resistance, as 



3 



EP1 016 681 A2 



described in (5) Japanese Patent Laid-Open Publication No. 157940/1994. 

[0010] In Japanese Patent Publication No. 32433/1 993 corresponding to the above-mentioned publication (7) (Na- 
tional Publication No. 500452/1 985 of International Patent Application), an antifouling paint comprising (a) a toxic sub- 
stance and (b) a polymer binder which has a recurring unit represented by the formula (-CH 2 -CXCOOR)- (B)- (X is H 

s or CH 3 , R is SiR' 3 or Si(OR') 3 , R' is an alkyl groupor the like, and B is a residual group of an ethylenically unsaturated 
monomer) and has a specific hydrolysis rate is disclosed. It is also described that a solvent, a wate ^sensitive pigment 
component, an inert pigment, a filler and a retarder can be further introduced. The coating film obtained from the 
antifouling paint described in this publication, however, has a problem of poor crack resistance. 
[0011] In (8) Japanese Patent Laid-Open Publication No. 18216/1995, there is disclosed a paint composition which 

io contains, as its major components, (A) a polymer of an organosilicon-containing monomer A having an organosilicon 
triester group represented by the formula (I) -COO-SiR 1 R 2 R 3 (R 1 to R 3 are each an alkyl group of 1 to 18 carbon atoms 
or the like) in a molecule and (B) copper or a copper compound and further contains, as an essential component other 
than the components (A) and (B), an alkoxy group-containing silicon compound represented by the following formula 
(C): 

15 

f 

R 4 -{-St-04-R 7 
so | 'n 

R 6 

wherein R 4 to R 6 are each a hydrogen atom, an alkoxy group of 1 to 18 carbon atoms, a cycloalkoxy group or the like, 
25 r7 is an alkyl group of 1 to 18 carbon atoms or the like, and n is an integer of 1 to 3. 

[0012] In the above publication, it is also described that a copolymer AB of the monomer A having a group represented 
by the formula (I) and a vinyl monomer B copolymerizable with the monomer A may be contained. Further, (meth) 
acrylic esters such as methyl (meth)acrylate, ethyl (meth)acrylate and dimethylaminoethyl (meth)acrylate are given as 
examples of the monomer B. 

30 [0013] The coating film obtained from the paint composition described in the above publication, however, has a 
problem that a coating film obtained from the paint composition is poor in the crack resistance and the antifouling 
properties, particularly antifouling properties in a highly fouling environment. The term "highly fouling environment" ' 
indicates, for example, a sea area rich in nutritive such as inland sea or a state where a ship or structure is allowed to 
stand in such a sea area or a ship frequently repeats running and stopping or runs at a low rate, e.g., about 10 knots 

35 or lower. 

[0014] In (9) Japanese Patent LaidOpen Publication No. 102193/1995, there is disclosed a paint composition con- 
taining, as its essential components, a copolymer of a monomer mixture consisting of a monomer A represented by 
the formula X-SiR 1 R 2 R 3 (R 1 to R 3 are each a group selected from an alkyl group and an aryl group and may be the 
same or different, and X is an acryloyloxy group, a methacryloyloxy group, a malenoyloxy group or a fumaroyloxy 

40 group) and a monomer B represented by the formula Y-(CH 2 CH 2 0) n -R 4 (R 4 is an alkyl group or an aryl group, Y is an 
acryloyloxy group or a methacryloyloxy group, and n is an integer of 1 to 25), and an antifouling agent. Further, inorganic 
compounds such as copper compounds (specifically, cuprous oxide and copper powder), zinc sulfate and zinc oxide, 
and metal-containing organic compounds such as organocopper compounds (specifically, oxine copper), organonickel 
compounds and organozinc compounds (specifically, zinc pyrithione) are given as examples of the antifouling agents. 

45 In this publication, however, neither an organosilyl ester group-containing polymer using 2-hydroxyethyl acrylate or the 
like nor an organosilyl ester group-containing polymer having both of a straight-chain alkyl group-containing silyl (meth) 
acrylate constituent unit and a branched alkyl group-containing silyl (meth )acry late constituent unit is mentioned. In 
addition, the paint described in thiis publication is poor in the antifouling properties or the antifouling properties in a 
highly fouling environment. 

so [0015] In (10) Japanese Patent Laid-Open Publication No. 1 99095/1 996, there is disclosed a paint composition con- 
taining, as its essential components, a copolymer of a monomer mixture consisting of the same monomer A represented 
by the formula (1 ) X-SiR 1 R 2 R 3 as described in the above publication No. 1021 93/1995, a monomer B represented by 
the formula (2) Y-fCHfR^HOR 5 ) (R 4 is an alkyl group, R 5 is an alkyl group or a cycloalkyl group, and Y is an acryloyloxy 
group, a methacryloyloxy group, a maleinoyloxy group or a fumaroyloxy group), and if necessary, a vinyl monomer C 

S5 copolymerizable with the monomers A and B, and an antifouling agent. Further, acrylic esters, methacrylic esters, 
styrene and vinyl acetate are described as examples of the vinyl monomers C; and inorganic compounds such as 
copper compounds (specifically, cuprous oxide and copper powder), zinc sulfate and zinc oxide, and metal-containing 
organic compounds such as organocopper compounds (specifically, oxine copper), organonickel compounds and or- 
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ganozinc compounds (specifically, zinc pyrithione) are given as examples of the antifouling agents. 
[001 6] In (1 1 ) Japanese Patent Laid-Open Publication No. 269388/1 996, there is disclosed a paint composition con- 
taining, as its essential components, a copolymer of a monomer mixture consisting of a monomer A represented by 
the. formula (1 ) X-SiR 1 R 2 R 3 (R 1 to R 3 are each a hydrocarbon group of 1 to 20 carbon atoms and may be the same or 
different, and X is an acryloyloxy group, a methacryloyloxy group, a malenoyloxy group, a fumaroyloxy group or an 
itaconoyloxy group) and a monomer B represented by the formula (2) Y-(CH 2 CH 2 0) n -R 4 (R 4 is an alkyl group or an 
aryl group, Y is an acryloyloxy group, a methacryloyloxy group, a maleinoyloxy group, a fumaroyloxy group or an 
itaconoyloxy group, and n is an integer of 1 to 25), and a copper salt of bis(2-py r idin eth iol- 1 -oxide) (copper pyrithione). 
Further, dimethyl-t-butylsilyl acrylate is given as an example of the monomer A; and inorganic compounds such as 
copper compounds (specifically, cuprous oxide and copper powder), zinc sulfate and zinc oxide, and metal-containing 
organic compounds such as organocopper compounds (specifically, oxine copper), organonickel compounds and or- 
ganozinc compounds (specifically, zinc pyrithione) are given as examples of the antifouling agents. Furthermore, rosin 
and rosin derivatives are cited as dissolution rate adjusting agents which can be added to the paint composition. 
[001 7] In (1 2) Japanese Patent Laid-Open Publication No. 269389/1 996, a paint composition comprising a copolymer 
of a monomer mixture consisting of an unsaturated monomer A having a triorganosilyl group and a monomer B rep- 
resented by any one of the following formulas (2) to (9), and an antifouling agent is disclosed. 
[0018] The monomers B are as follows: 

a tertiary. amino group-containing monomer represented by the formula (2) CH2=CR 4 COOR 5 -NR 6 R 7 (R 4 is H or 
CH 3 , R 5 is an alkylene group, and R 6 and R 7 are each an alkyl group and may be the same or different), 
a quaternary ammonium salt-containing monomer represented by the formula (3) CH2=CR 8 COOR 9 -NR 10 R 11 R 12 
(Y) (R 8 is H or CH 3 , R 9 is an alkylene group, R 10 to R 12 are each an alkyl group and may be the same or different, 
and Y is a halogen atom), 

a monomer represented by the formula (4) CH 2 =CH-Z (Z is a group comprising a N-containing heterocyclic ring) 
and containing a nitrogen-containing heterocyclic ring, 

a monomer represented by the formula (5) CH 2 =CR 13 COO(R 14 0) m (R 15 0) n (R l6 0) 0 - R 17 (R 13 is H or CH 3 , R 14 is 
an ethylene group, R 15 is an alkylene group of 3 carbon atoms, R 16 is an alkylene group of 4 carbon atoms, R 17 
is an alkyl group or an aryl group, m, n and o are each an integer of 0 or greater, and n and o are not 0 at the same 
time) and having an alkoxy group or an aryloxyalkylene glycol group in a molecule, 

a (meth)acrylamide represented by the formula (6) CH2=CR 18 CONR 19 R2° (Ris \ s h or CH 3 , and R 19 and R 20 are 
each an alkyl group and may be the same or different), 

a (meth)acrylamide represented by the formula (7) CH^CR^CONOQ (R 21 is H or CH 3 , N()Q is a N-containing 
group, and Q may contain O, N, S or the like) and containing a nitrogen-containing cyclic hydrocarbon group, 
a f uran ring-containing (meth)acry lie ester represented by the formula (8) CH^CR^COOCH^T (R 23 is H or CH 3 , 
and T is a furan ring or a tetrahydrofuran ring), and 
a monomer represented by the formula (9) CH 2 =CH-CN. 

[001 9] Further, various copolymerizable monomers such as acrylic acid, ethyl acrylate, 2-hydroxyethyl (meth)acrylate 
and 2-hydroxyprdpyl (meth)acrylate are given as examples of the optional components copolymerizable with the mon- 
omers A and B. 

[0020] Although a copolymer comprising tri-n-butylsilyl acrylate (TBSA), diethylaminoethyl methacrylate (DEAEMA) 
and methyl methacrylate (MMA) and a copolymer comprising tri-n-butylsilyl acrylate (TBSA), N,N-dimethyl acrylamide 
(DMAA) and methyl methacrylate (MMA) are shown in the examples, neither a copolymer using 2-hydroxyethyl (meth) 
acrylate, 2-hydroxypropyl (meth)acrylate or the like nor a copolymer using at least straight-chain group-containing silyl 
(meth)acrylate and branched alkyl group-containing silyl (meth)acrylate is mentioned. 

[0021] In addition, the same antifouling agents as described in the aforesaid Japanese Patent Laid-Open Publication 
No. 269388/1 996 are given as components which can be added to the paint composition. 

[0022] In (1 3) Japanese Patent Laid-Open Publication No. 269390/1 996, there is disclosed a paint composition com- 
prising a polymer using a monomer A represented by the formula (1 ) X-SiR 1 R 2 R 3 (R 1 to R 3 are each a group selected 
from an alkyl group and an aryl group and may be the same or different, and X is an acryloyloxy group, a methacryloyloxy 
group, a malenoyloxy group, a fumaroyloxy group or an itaconoyloxy group), a polymer using a monomer B represented 
by the formula (2) Y-fCh^CI-^O^-R 4 (R 4 is an alkyl group or an aryl group, Y is an acryloyloxy group, a methacryloyloxy 
group, a maleinoyloxy group, a fumaroyloxy group or an itaconoyloxy group, and n is an integer of 1 to 25), and an 
antifouling agent. In this publication, the same antifouling agents as described in the aforesaid Japanese Patent Laid- 
Open Publication No. 269388/1 996 are mentioned. Further, a resin (e.g. , rosin) and an anti-settling agent are mentioned 
as components which can be added to the paint composition. 

[0023] In (14) Japanese Patent Laid-Open Publication No. 277372/1996, there is disclosed a paint composition which 
contains a copolymer of a monomer mixture consisting of the same monomer A represented by the formula (1) X- 
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SiR 1 R 2 R 3 as described in the aforesaid publication (11) (Japanese Patent Laid-Open Publication No. 2693B8/1996) 
and the same monomer B represented by the formula (2) Y-(CH 2 CH 2 0) n -R 4 as described in the aloresaid publication 
(11 ) and a triphenylboron pyridine complex and in which the resin component is composed of only a polymer containing 
no metal and the aquatic organism adhesion inhibitor is composed of only an organic inhibitor containing no metal. 
5 Further, rosin and rosin derivatives are cited as dissolution rate adjusting agents which can be added to the paint 
composition. 

[0024] In (1 5) Japanese Patent Laid-Open Publication No. 30071/1 998, there is disclosed a paint composition com- 
prising (A) at least one of rosin and a rosin compound comprising a rosin derivative or a rosin metallic salt, (B) a polymer 
of at least one monomer M represented by the formula (1) X-SiR 1 R 2 R 3 (R 1 to R 3 are each a group selected from an 

io alkyl group and an aryl group and may be the same or different, and X is an acryloyloxy group, a methacryloyloxy 
group, a malenoyloxy group, a fumaroyloxy group, an itaconoyloxy group or a citraconoyloxy group) and/or an orga- 
nosol ester group-containing polymer comprising a polymer of at least one monomer M and at least one polymerizable 
monomer other than the monomer M, and (C) an antifouling agent. In this publication, acrylic acid, methyl acrylate, 
2-hydroxyethyl (meth)acrylate and 2-hydroxypropyl (meth)acrylate are given as other monomers (optional components) 

is copolymerizable with the monomer M, but any organosilyl ester group-containing polymer using 2-hydroxyethyl (meth) 
acrylate, 2-hydroxypropyl (meth)acrylate or the like is not mentioned at all. 

[0025] In the above publication, the same antifouling agents as described in the aforesaid Japanese Patent Laid- 
Open Publication No. 269388/1996 are mentioned. Further, a pigment, chlorinated paraffin, an anti-settling agent, etc. 
are described as components which can be added to the paint composition. 

20 [0026] In the publications (9) to (15), however, neither an organosilyl ester group-containing polymer using2-hydrox- 
yethyl acrylate or the like nor a copolymer using at least straight-chain alkyl group-containing silyl (meth)acrylate and 
branched alkyl group-containing silyl (meth)acrylate in combination is mentioned. In addition, the paint compositions 
described in these publications have a problem that the resulting coating films have poor crack resistance or the re- 
sulting coating films are insufficient in the balance of various properties such as crack resistance, peel resistance 

1 25 (adhesive strength), antifouling performance, antifouling properties, particularly antifouling properties in a highly fouling 
environment, long-term antifouling properties and self-polishing properties. 

[0027] In (16) Japanese Patent Publication No. 82865/1993, 2-hydroxyethyl acrylate and 2-hydroxypropyl acrylate 
are described as copolymerizable components optionally used. In (17) Japanese Patent Laid-Open Publication No. 
48947/1 997, (1 8) Japanese Patent Laid-Open Publication No. 48948/1 997, (1 9) Japanese Patent Laid-Open Publica- 

30 tion No. 48949/1 997, (20) Japanese Patent Laid-Open Publication No. 48950/1 997, (21 ) Japanese Patent Laid-Open 
Publication No. 48951/1997, (22) Japanese Patent Publication No. 32433/1993, (23) U.S. Patent No. 4,593,055, (24) 
Japanese Patent Laid-Open Publication No. 1968669/1990 and (25) WO 91/14743, silyl (meth)acrylate copolymers 
are described. In the publications (16) to (25), however, neither a copolymer using a hydroxy-containing monomer nor 
a copolymer using at least straight-chain alkyl group-containing silyl (meth)acrylate and branched alkyl group-contain - 

35 ing silyl (meth )acry late in combination is mentioned. In addition, the antifouling paint using the copolymers described 
in the publications (16).to (25) have room to be improved in the crack resistance of the resulting coating films and the 
balance of various properties such as crack resistance, peel resistance (adhesive strength), antifouling performance, 
antifouling properties, particularly antifouling properties in a highly fouling environment, long^erm antifouling properties 
and self-polishing properties. 

40 [0028] -In (26) Japanese Patent Laid-Open Publication No. 215780/1988, a copolymer using methyl methacrylate, 
n-butyl methacrylate, aery lam ide or the like is described, and an antifouling paint comprising this copolymer and cuprous 
oxide is. described, but the antifouling paint has the same problems as those of the antifouling paints described in the 
above publications. 

45 OBJECT OF THE INVENTION 

[0029] The present invention is intended to solve such problems associated with the prior art as mentioned above, 
and it is an object of the invention to provide a silyl (meth)acrylate copolymer which can produce an antifouling paint 
capable of forming an antifouling coating film which hardly suffers from occurrence of cracks, has excellent adhesive 
so strength and thereby hardly suffers from peeling, can be favorably controlled in the hydrolysis rate, and is excellent in 
antifouling performance (antifouling activities), antifouling properties, particularly antifouling properties in a highly foul- 
ing environment, and long-term antifouling properties. 

[0030] It is another object of the invention to provide a process for preparing the silyl (meth)acrylate copolymer. 
[0031] It is a further object of the invention to provide an antifouling paint composition capable of forming such an 
55 antifouling coating film as mentioned above. 

[0032] It is a still further object of the invention to provide an antifouling coating film formed from the antifouling paint 
composition, an antifouling method using the antifouling paint composition and a hull or an underwater structure coated 
with the coating film. 
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DISCLOSURE OF THE INVENTION 

[0033] In the present invention, a first silyl (meth)acrylate copolymer (A-1 ) or a second silyl (meth)acrylate copolymer 
(A-2) is used as a copolymer. 
s . [0034] The first silyl (meth)acrylate copolymer (A-1 ) according to the invention comprises: 

(a) silyl (meth)acrylate constituent units represented by the following formula (I) in amounts of 20 to 80 % by weight: 



10 



25 



CH, 



CR l COOSiR 2 R 3 R 4 

15 . . . ( I ) 



wherein R 1 is a hydrogen atom or a methyl group, and R 2 , R 3 and R 4 may be the same or different and are each 
an alkyl group, a cycloalkyl group or a phenyl group which may have a substituent group, 
(b) acrylic unsaturated monomer constituent units represented by the following formula (II) in amounts of 0.01 to 
20 40 % by weight: 



CH 

^R 5 COZR 6 



30 . . . . (II) 

wherein R 5 is a hydrogen atom or a methyl group, Z is an oxygen atom or -NR 7 t when Z is an oxygen atom, R 6 is 
a hydroxyalkyl or hydroxycyclpalkyl group which may have a substituent group or a polyalkylene glycol group 
35 represented by the formula -(R 8 ©)^ (wherein R 8 is an alkylene group and n is an integer of 2 to 50), and when 

Z is -NR 7 , R 7 is an alkyl group which may be substituted with any of a halogen, a hydroxyl group, an amino group, 
a substituted amino group, an acyl group and an alkoxy group, and R 6 is a hydrogen atom, 
and 

(c) unsaturated monomer constituent units other than the constituent units (a) and (b) in amounts of 5 to 79.99 % 
40 by weight, - 

with the proviso that the total amount of the constituent units (a), (b) and (c) is 100 % by weight, 
said silyl (meth)acrylate copolymer (A-1 ) having a weight-average molecular weight, as measured by gel perme- 
ation chromatography (GPC), of not more than 200,000. 
45 [0035] In a preferred embodiment of the silyl (meth)acrylate copolymer (A-1 ) of the invention, the unsaturated mon- 
omer constituent units (c) are those derived from at least one compound selected from (meth)acrylic esters, styrene 
. and vinyl esters. 

[0036] The process for preparing a silyl meth (aery late) copolymer (A-1 ) according to the invention comprises polym- 
erizing: 

so 

(a1) silyl (meth)acrylate represented by the following formula (l-a) in an amount of 20 to 80 % by weight: 



55 
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CH 2 

CR'COOSiRVR 4 

. . (I-a) 



wherein R 1 is a hydrogen atom or a methyl group, and R 2 , R 3 and R 4 may be the same or different and are each 
10 an alkyl group, a cycloalkyl group or a phenyl group which may have a substituent group, 

(b1) an acrylic unsaturated monomer represented by the following formula (I l-a) in an amount of 0.01 to 40 % by 
weight: 



15 CH 2 

" 5 6 

CR 5 COZR 6 

. . . (Il-a) 

20 

wherein R 5 is a hydrogen atom or a methyl group, Z is an oxygen atom or -NR 7 , when Z is an oxygen atom, R 6 is 
a hydroxyalkyl or hydroxycycloalkyl group which may have a substituent group or a polyalkylene glycol group 
represented by the formula -(R^^H (wherein R 8 is an alkylene group and n is an integer of 2 to 50), and when 
Z is -NR 7 , R 7 is an alkyl group which may be substituted with any of a halogen, a hydroxyl group, an amino group, 
25 a substituted amino group, an acyl group and an alkoxy group, and R 6 is a hydrogen atom, 

and 

(c1 ) an unsaturated monomer other than the monomers (a1 ) and (b1 ), which is copolymerizable with the monomers 
(a1 ) and (b1 ), in an amount of 5 to 79.99 % by weight, 

30 with the proviso that the total amount of said monomers (a1 ), (b1 ) and (d ) is 100 % by weight, 

in the presence of a radical polymerization initiator to obtain the above-mentioned silyl (meth)acrylate copolymer 

(A-1). 

[0037] In a preferred embodiment of the process for preparing a silyl (meth)acrylate copolymer (A-1 ) according to 
the invention, the unsaturated monomer (cT) is at least one compound selected from (meth)acrylic esters, styrene and 
35 vinyl esters. 

[0038] The silyl (meth)acrylate copolymer (A-2) according to the invention comprises: 
(d) silyl (meth)acrylate constituent units represented by the following formula (III): 



-CH 2 -CR(COOSiR 11 R 12 R 13 ) , (III) 

wherein R is a hydrogen atom or a methyl group, R 11 and R 12 are each independently a straight-chain alkyl group 
of 1 to 10 carbon atoms, a phenyl group which may have a substituent group or a trimethylsilyloxy group, and R 13 
46 is an alkyl group of 1 to 1 8 carbon atoms which may have a cyclic structure or a branch, a phenyl group of 6 to 1 0 

carbon atoms which may have a substituent group or a trimethylsilyloxy group, 

(e) silyl (meth)acrylate constituent units represented by the following formula (IV): 

50 -CH 2 -CR(COOSiR 14 R 15 R 1$ ) (IV) 

wherein R is a hydrogen atom or a methyl group, R 1 4 and R 1 5 are each independently a branched alkyl or cycloalkyl 
group of 3 to 10 carbon atoms, and R 16 is a straight-chain alkyl group of 1 to 10 carbon atoms, a branched alkyl 
or cycloalkyl group of 3 to 10 carbon atoms, a phenyl group of 6 to 10 carbon atoms which may have a substituent 
55 group or a trimethylsilyloxy group, 

and 

(f) unsaturated monomer constituent units other than the constituent units (d) and (e), 
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said silyl (meth)acrylate copolymer (A-2) having a weight -average molecular weight (Mw), as measured by gel 
permeation chromatography (GPC), of not more than 200,000. 

[0039] In the second silyl (meth)acrylate copolymer (A-2) of the invention, it is preferable that R 11 , R 12 and R 13 are 
* each independently methyl, ethyl, n-propyl, n-butyl, n-hexyl or trimethylsilyloxy 
s [0040] In the second silyl (meth)acrylate copolymer (A-2) of the invention, it is preferable that R 14 R 15 and R 16 are 
each independently isopropyl, sec-butyl, tert-butyl or isobutyl. 

[0041] In the present invention, the unsaturated monomer constituent units (f) are preferably those derived from at 
least one compound selected from (meth)acrylic esters, styrene and vinyl esters of organic carboxylic acids. 
[0042] In the present invention, the silyl (meth)acrylate constituent units (d), the silyl (meth )acry late constituent units 
io (e) and the unsaturated monomer constituent units (f) are preferably present in amounts of 0.5 to 50 % by weight, 10 
to 70 % by weight, and 20 to 70 % by weight, respectively, with the proviso that the total amount of the constituent 
units (d), (e) and (f) is 1 00 % by weight. 

[0043] The silyl (meth)acrylate copolymer (A-2) of the invention preferably has a weight-average molecular weight 
(Mw) of 3,000 to 100,000. 

15 [0044] The process for preparing a silyl meth (aery late) copolymer (A-2) according to the invention comprises polym- 
erizing: 

(d1) silyl (meth)acrylate represented by the following formula (lll-d): 
2 ° CH^CRtCOOSiR^R^R 13 ) (lll-d) 

wherein R is a hydrogen atom or a methyl group, R 11 and R 12 are each independently a straight-chain alkyl group 
of 1 to 1 0 carbon atoms, a phenyl group which may have a substituent group or a trimethylsilyloxy group, and R 13 
2S is an alkyl group of 1 to 18 carbon atoms which may have a cyclic structure or a branch, a phenyl group of 6 to 10 

carbon atoms which may have a substituent group or a trimethylsilyloxy group, 
(e1 ) silyl -(meth )acry late represented by the following formula (IV-d): 

30 CH 2 =CR(COOSiR 14 R 15 R 1S ) (IV-d) 

wherein R is a hydrogen atom or a methyl group, R 14 and R 15 are each independently a branched alkyl or cycloalkyl 
group of 3 to 10 carbon atoms, and R 16 is a straight-chain alkyl group of 1 to 10 carbon atoms, a branched alkyl 
or cycloalkyl group of 3 to 10 carbon atoms, a phenyl group of 6 to 10 carbon atoms which may have a substituent 
35 group or a trimethylsilyloxy group, 

and 

(f 1 ) an unsaturated monomer other than the monomers (d1 ) and (e1 ), which is copolymerizable with the monomers 
(d1)and(e1), 

40 in the presence of a radical polymerization initiator to obtain the above-mentioned silyl (meth)acrylate copolymer 

(A-2). ' " . 

[0045] In the process for preparing a silyl (meth )acry late copolymer (A-2) according to the invention, it is preferable 
that R 11 , R 12 and R 13 are each independently methyl, ethyl, n-propyl, n-butyl, n-hexyl or trimethylsilyloxy. 
[0046] In the process for preparing a silyl (meth )acry late copolymer (A-2) according to the invention, it is preferable 

45 ■ that R 14 , R 15 and R 16 are each independently isopropyl, sec-butyl, tert-butyl or isobutyl. 

[0047] In the present invention, the unsaturated monomer (f1) is preferably at least one compound selected from 
(meth)acrylic esters, styrene and vinyl esters of organic carboxylic acids. 

[0048] In the present invention, foe silyl (meth)acrylate (d1), the silyl (meth)acrylate (e1) and the unsaturated mon- 
omer (f1) are preferably used in amounts of 0.5 to 50 % by weight, 10 to 70 % by weight, and 20 to 70 % by weight, 
50 respectively, with the proviso that the total amount of the components (d1 ), (el ) and (f 1 ) is 1 00 % by weight. 

[0049] In any embodiment of the process of the invention, the resulting silyl (meth)acrylate copolymer (A-2) preferably 
has a weight-average molecular weight (Mw) of 3,000 to 100,000. 

[0050] The antifouling paint composition according to the invention comprises the first silyl (meth)acrylate copolymer 
(A-1 ) or the second silyl (meth)acrylate copolymer (A-2), and/or further comprises various additives. 
55 [0051] More specifically, in the antifouling paint composition (P) of the invention, the first silyl (meth)acrylate copol- 
ymer (A-1 ) is contained as a film-forming component. 

[0052] In the antifouling paint composition (Q) of the invention, at least the first silyl (meth)acrylate copolymer (A-1), 
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an antifouling agent (B) whose representatives are copper and/or a copper compound, and a vinyl ether (co)polymer 

(E) and/or an elution accelerating component .(F) are contained. 

[0053] In the antifouling paint composition (R) of the invention, the s cond silyl (meth)acrylate copolymer (A-2) is 
contained as a film-forming component and an elution controlling component. 

[0054] That is, the antifouling paint composition (P) of the invention comprises the silyl (meth)acrylate copolymer (A- 
1 ) 

[0055] The antifouling paint composition (P) of the invention preferably comprises the silyl (meth)acrylate copolymer 
(A-1 ) and an antifouling agent (B). 

[0056] The antifouling paint composition (P) of the invention preferably comprises the silyl (meth)acrylate copolymer 
(A-1), an antifouling agent (B) and zinc oxide (C) . 

[0057] The antifouling paint composition (P) of the invention preferably comprises the silyl (meth)acrylate copolymer 
(A-1), an antifouling agent (B) and an inorganic dehydrating agent (D). 

[0058] The antifouling paint composition (P) of the invention preferably comprises the silyl (meth)acrylate copolymer 
(A-1), an antifouling agent (B), zinc oxide (C) and an inorganic dehydrating agent (D). 

[0059] In any embodiment of the antifouling paint composition (P) of the invention, the antifouling agent is preferably 
copper and/or a copper compound (B-1 ). 

[0060] In any embodiment of the antifouling paint composition (P) of the invention, the antifouling agent is preferably 
a pyrithione compound (B-2). 

[0061] . In any embodiment of the antifouling paint composition (P) of the invention, the antifouling agent preferably 
comprises copper and/or a copper compound (B1 ) and a pyrithione compound (B-2). 

[0062] In any embodiment of the antifouling paint composition (P) of the invention, the unsaturated monomer con- 
stituent units (c) are preferably those derived from at least one compound selected from (meth)acrylic esters, styrene 
and vinyl esters. 

[0063] The second antifouling composition (Q) of the invention comprises the silyl (meth)acrylate copolymer (A-1), 
an antifouling agent (B), and a vinyl ether (co)polymer (E) containing constituent units derived from a vinyl ether rep- 
resented by the formula (V) H 2 C=CHO-R (wherein R is a hydrocarbon group) and/or an elution accelerating component 

(F) . 

[0064] More specifically, the antifouling paint composition (Q) of the invention preferably comprises the silyl (meth) 
acrylate copolymer (A-1), an antifouling agent (B) and the vinyl ether (co)polymer (E). 

[0065] The antifouling paint composition (Q) of the invention preferably comprises the silyl (meth)acrylate copolymer 
(A-1), an antifouling agent (B) and an elution accelerating component (F). 

[0066] The antifouling paint composition (Q) of the invention preferably comprises the silyl (meth)acrylate copolymer 
(A-1), an antifouling agent (B), the vinyl ether (co)polymer (E) and an elution accelerating component (F). 
[0067] In the antifouling paint composition (Q) of the invention, the antifouling agent (B) is preferably copper and/or 
a copper compound. 

[0068] In the antifouling paint composition (Q) of the invention, the elution accelerating component (F) is preferably 
at least one substance selected from rosin, rosin derivatives, naphthenic acid and metallic salts thereof. 
[0069] In any embodiment of the antifouling paint composition (Q) of the invention, the unsaturated monomer con- 
stituent units (c) are preferably those derived from at least one compound selected from (meth )acrylic esters, styrene 
and vinyl esters. 

[0070] The third antifouling paint composition (R) of the invention comprises the silyl (meth)acrylate copolymer (A-2). 
[0071] The antifouling paint composition (R) of the invention preferably comprises the silyl (meth)acrylate copolymer 
(A-2) and an antifouling agent (B). 

[0072] The antifouling paint composition (R) of the invention preferably comprises the silyl (meth)acrylate copolymer 
(A-2), an antifouling agent (B) and zinc oxide (C) . 

[0073] The antifouling paint composition (R) of the invention preferably comprises the silyl (meth)acrylate copolymer 
(A-2), an antifouling agent (B) and an inorganic dehydrating agent (D). 

[0074] The antifouling paint composition (R) of the invention preferably comprises the silyl (meth)acrylate copolymer 
(A-2), an antifouling agent (B), zinc oxide (C) and an inorganic dehydrating agent (D). 

[0075] The antifouling paint composition (R) of the invention preferably further comprises an elution accelerating 
component (F). 

[0076] The antifouling paint composition (R) of the invention preferably further comprises a vinyl ether (copolymer 
(E) containing constituent units derived from a vinyl ether represented by the formula (V) H 2 C=CHO-R (wherein R is 
a hydrocarbon group). 

[0077] In the antifouling paint composition (R) of the invention, either copper and/or a copper compound (particularly 
copper and/or an inorganic copper compound (B-3)) or an organic antifouling agent (B-4), or both of them are preferably 
used as the antifouling agent (B). 

[0078] In the antifouling paint composition (R) of the invention, the organic antifouling agent (B-4) is preferably at 
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least one organic antifouling agent selected from the group consisting ot metal pyrithiones, pyridine-triphenylborane, 
amine-triphenylborane, N.N-dimethyldichlorophenylurea, 2,4,6-trichlorophenylmaleimide, 2-methylthio-4-tert- 
butylamino-6-cyciopropylamino-s-triazine, 4,5-dichloro-2-n-octyl-4-isothiazoline-3-one and 2,4,5,6-tetrachloroisoph- 
thalonitrile. 

[0079] In the antifouling paint composition (R) of the invention, the organic antifouling" agent (B-4) is preferably 
4,5-dichloro-2-n-octyl-4-isothiazoline-3-one. 

[0080] In the antifouling paint composition (R) of the invention, the organic antifouling agent (B-4) is preferably a 
combination of metal pyrithione and at least one organic antifouling agent selected from the group consisting of N,N- 
dimethyldichlorophenylurea, 2,4,6-trichlorophenylmaleimide, 2-methylthio-4-tert-butylamino-6-cyclopropylamino-s-trh 
azine, 4,5-dichloro-2-n-octyl-4-isothiazoline-3-one and 2,4,5,6-tetrachloroisophthalonitrile. 

[0081] In the antifouling paint composition (R) of the invention, the organic antifouling agent (B-4) is preferably a 

combination of copper pyrithione and/or zinc pyrithione and 4,5-dichloro-2-n-octyl-4-isothiazoline-3-one. . 

[0082] In the antifouling paint composition (R) of the invention, the elution accelerating component (F) is preferably 

at least one substance selected from rosin, rosin derivatives, naphthenic acid and metallic salts thereof. 

[0083] In the antifouling paint composition (R) of the invention, the unsaturated monomer constituent units (f) are 

preferably those derived from at least one compound selected from (meth)acrylic esters, styrene and vinyl esters of 

organic carboxylic acids. 

[0084] The antifouling coating film, according to the invention is formed from the antifouling paint composition de- 
scribed above. 

[0085] The method of antifouling a hull or an underwater structure according to the invention employs the antifouling 

paint composition described above. . 

[0086] The hull or the underwater structure according to the invention is a hull or an underwater structure whose 

surface is coated with a coating film formed from the antifouling paint composition described above. 

[0087] According to the present invention, there is provided a silyl (meth)acrylate copolymer which can produce an 

antifouling paint capable of forming an antifouling coating film which hardly suffers from occurrence of cracks, has 

excellent adhesive strength and thereby hardly suffers from peeling, can be favorably controlled in the hydrolysis rate, 

is excellent iff antifouling performance (antifouling activities), antifouling properties, particularly antifouling properties 

in a highly fouling environment, and long-term antifouling properties, and is well-balanced among these properties. A 

process for preparing the silyl. (meth)acrylate copolymer is also provided. Further, an antifouling paint composition 

capable of forming such an antifouling coating film as mentioned above is provided. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0088] Fig. 1 is a GPC chromatogram of a copolymer A1 -1 . 

[0089] Fig. 2 is a GPC chromatogram of a copolymer A1 -2. 

[0090] Fig. 3 is a GPC chromatogram of a copolymer A1 -3.^ 

[0091] Fig. 4 is a GPC chromatogram of a copolymer A1 -6. 

[0092] Fig. 5 is a GPC chromatogram of a copolymer A1 -9. 

[0093] Fig. 6 is a GPC chromatogram of a copolymer A1 -10. 

[0094] Fig. 7 is a GPC chromatogram of a copolymer A1 -11 . 

[0095] Fig. 8 is a GPC chromatogram of a copolymer A1 -1 2. 

[0096] Fig. 9 is a GPC chromatogram of a copolymer A1 -1 3. 

[0097] Fig. 1 0 is a GPC chromatogram of a copolymer A1 -1 4. 

[0098] Fig. 11 is a GPC chromatogram of a copolymer A1-15. 

[0099] Fig. 12 is a GPC chromatogram of a copolymer A1-16. 

[0100] Fig. 13 is a GPC chromatogram of a copolymer A1-17. 

[0101] Fig. 14 is a GPC chromatogram of a copolymer A1-18. 

[0102] Fig. 15 is a GPC chromatogram of a copolymer A1 -19. 

[0103] Fig. 16 is a GPC chromatogram of a copolymer A1-20. 

[01 04] Fig. 1 7 is a GPC chromatogram of a copolymer A1 -21 . 

[01 05] Fig. 1 8 is a GPC chromatogram of a copolymer A1 -22. 

[01 06] Fig. 1 9 is a GPC chromatogram of a copolymer A1 -23. 

[01 07] Fig. 20 is a chart of an IR spectrum of the copolymer A1 - 1 ! 

[0108] Fig. 21 is a chart of an IR spectrum of the copolymer A1 -2. 

[0109] Fig. 22 is a chart of an IR spectrum of the copolymer A1-3. 

[0110] Fig. 23 is a chart of an IR spectrum of the copolymer A1-6. 

[0111] Fig. 24 is a chart of an IR spectrum of the copolymer A1-9. 

[0112] Fig. 25 is a chart of an IR spectrum of the copolymer A1-10. 
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[0113] Fig. 26 is a chart of an IR spectrum of the copolymer A1-11. 

[0114] Fig. 27 is a chart of an I R spectrum of the copolymer A1-12. 

[0115] Fig. 28 is a chart of an I R spectrum of the copolymer A1-1 3. 

[0116] Fig. 29 is a chart of an IR spectrum of the copolymer A1-14. 

s [0117] Fig. 30 is a chart of an IR spectrum of the copolymer A1-15. 

[0118] Fig. 31 is a chart of an IR spectrum of the copolymer A1-16. 

[0119] Fig. 32 is a chart of an IR spectrum of the copolymer A1-17. 

[0120] Fig. 33 is a chart of an I R spectrum of the copolymer A1-1B. 

[0121] Fig. 34 is a chart of an IR spectrum of the copolymer A1-1 9. 

io [0122] Fig. 35 is a chart of an I R spectrum of the copolymer A1-20. 

[0123] Fig. 36 is a chart of an I R spectrum of the copolymer A1 -21 . 

[0124] Fig. 37 is a chart of an I R spectrum of the copolymer A1-22. 

[0125] Fig. 38 is a chart of an I R spectrum of the copolymer A1 -23. 

[01 26] Fig. 39 is a GPC chromatogram of a copolymer A2-1 . 

75 [0127] Fig. 40 is a GPC chromatogram of a copolymer A2-2. 

[012:8] Fig. 41 is a GPC chromatogram of a copolymer A2-3. 

[0129] Fig. 42 is a chart of an I R spectrum of the copolymer A2-1 . 

[0130] Fig. 43 is a chart of an I R spectrum of the copolymer A2-2. 

[0131] Fig. 44 is a chart of an IR spectrum of the copolymer A2-3. 
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BEST MODE FOR CARRYING OUT THE INVENTION 



[01 32] The first silyl (meth)acrylate copolymer (A-1 ), the second silyl (meth)acrylate copolymer (A-2), the processes 
for preparing the copolymers, and the antifouling paint compositions (P), (Q) and (R) are described in more detail 
25 hereinafter. . 

[01 33] First of all, the silyl (meth)acrylate copolymers (A-1 ) and (A-2) and the processes for preparing the copolymers 
are described in more detail. 



First silyl (meth)acrylate copolymer (A-1) 



[0134] The first silyl (meth)acrylate copolymer (A-1 ) of the Invention comprises silyl (meth)acrylate constituent units 
(a) represented by the formula (I), acrylic unsaturated monomer constituent units (b) represented by the formula (II) 
and unsaturated monomer constituent units (c) other than the constituent units (a) and (b). 

[0135] The constituent units (a), (b) and (c) for constituting the silyl (meth)acrylate copolymer (A-1 ) are described 
35 below in this order. 

Silyl (meth)acrylate constituent unit (a) 

[0136] The silyl (meth)acrylate constituent unit (a) is represented by the following formula (I). 

40 

CH 2 
| 

« CR'COOSiR 2 R 3 R 4 



. (I) 



[0137] In the formula (I), R 1 is a hydrogen atom or a methyl group, and R 2 , R 3 and R 4 may be the same or different 
and are each an alkyl group, a cycloalkyl group or a phenyl group which may have a substituent group. 
[0138] The number of carbon atoms of the alkyl group is in the range of preferably 1 to 18, more preferably 1 to 6, 
and the number of carbon atoms of the cycloalkyl group is in the range of preferably 3 to 10, more preferably 3 to 8. 
55 • Examples of the substituent groups which can be substituted for hydrogen atoms in the phenyl group include alkyl, 
aryl and halogen. 

[0139] The silyl (methyl)acrylate, from which the silyl(meth)acrylate constituent unit is derived, is represented by the 
following formula (l-a). 
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CH 2 

II 

CR^COOSiRVR 4 



... .. ( I-a) 



[0140] In the formula (l-a), R 1 is the same as R 1 in the formula (I) and is a hydrogen atom or a methyl group. R 2 , R 3 
and R 4 are the same as R 2 R 3 and R 4 in the formula (I), and they may be the same or different and are each the same 
alkyl group, cycloalkyl group or phenyl group which may have a substituent group as described above. 
[0141] Examples of the silyl (meth)acrylates (l-a) include: 

silyl (meth)acrylates wherein R 2 R 3 and R 4 are the same as one another, such as trimethylsilyl (meth)acrylate, 
triethylsilyl (meth)acrylate, tripropylsilyl (meth)acrylate, triisopropylsilyl (meth)acrylate, tributylsilyl (meth)acrylate, 
tri-sec-butylsilyl (meth)acrylate and triisobutylsilyl (meth)acrylate; and 

silyl (meth)acrylates wherein R 2 R 3 and R 4 are partly or entirely different from one another, such as sec-butyl- 
methylsilyl (meth)acrylate, sec-butyldimethylsilyl (meth)acrylate, dimethylpropylsily! (meth)acrylate, monomethyl- 
dipropylsilyl (meth)acrylate and methyl ethylpropylsily I (meth)acrylate. 

[01 42] In the present invention, such silyl (meth)acrylates can be used singly or in combination of two or more kinds. 
Of such silyl (meth)acrylates, preferable are those wherein R 2 , R 3 and R 4 are each independently an alkyl group of 
about 1 to 18 carbon atoms, such as methyl, ethyl, n-propyl, isopropyl, sec-butyl, tert-butyl or isobutyl, and more pref- 
erable are those wherein at least one of alkyl groups indicated by R 2 R 3 and R 4 has 3 or more carbon atoms. Also 
preferable are those wherein the total number of the carbon atoms in R 2 , R 3 and R 4 is in the range of about 5 to 21 . 
Of such silyl (meth)acrylates, triisopropylsilyl (meth)acrylate, triisobutylsilyl (meth)acrylate, disec-butylmethylsilyl 
(meth)acrylate, sec-butyldimethylsilyl (meth)acrylate and tri-sec-butylsilyl (meth)acrylate are most preferably used in 
consideration of ease of synthesis of the silyl (meth)acrylate copolymer and film-forming properties, storage stability 
and polishing-cleaning controllability of an antifouling paint composition using the silyl (meth)acrylate copolymer. 

Acrylic unsaturated monomer constituent unit (b) 

[01 43] The acrylic unsaturated monomer constituent unit (b) (sometimes simply referred to as an "unsaturated mon- 
omer constituent unit (b)°) is represented by the following formula (II). 



[0144] In the formula (II), R 5 is a hydrogen atom or a methyl group, and Z is an oxygen atom or -NR 7 

[0145] When Z is an oxygen atom, R 6 is a hydroxyalkyl or hydroxycycloalkyl group which may have a substituent 

group or a polyalkylene glycol group represented by the. following formula: 



wherein R 8 is an alkylene group, and n is an integer of 2 to 50. 

[0146] The number of carbon atoms of the hydroxyalkyl group in the formula (II) is in the range of preferably 1 to 18, 
more preferably 2 to 9, the number of carbon atoms of the hydroxycycloalkyl group is in the range of preferably 3 to 
1 0, more preferably 3 to 8, and the number of carbon atoms of the polyalkylene glycol group is in the range of preferably 
1 to 8, more preferably 2 to 4. 

[0147] When Z is -NR 7 , R 7 is an alkyl group having the same carbon atoms as described above, which may be 



r 



CH 

I 5 6 

CRXOZR 6 




. - . (II) 



-<R e O) n H 
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substituted with any of a halogen, a hydroxyl group, an amino group, a substituted amino group, an acyl group and an 
alkoxy group, and R 6 is a hydrogen atom. 

[0148] The unsaturated monomer, from which the unsaturated monomer constituent unit (b) is derived, is represented 
by the following formula (II -a). 

CH 2 

CR 5 COZR 6 

. . . (Il-a) 



[0149] In the formula (ll-a), R 5 is the same as R 5 in the formula (II) and is a hydrogen atom or a methyl group, and 
75 z is the same as Z in the formula (II) and is an oxygen atom or -NR 7 

[0150] When Z is an oxygen atom, R 6 is a hydroxyalkyl or hydroxycycloalkyl group which may have a substituent 
group or a polyalkylene glycol group represented by the following formula: 

20 -(R 8 0) n H 
wherein R 8 is an alkylene group, and n is an integer of 2 to 50. 

[0151] The number of carbon atoms of the hydroxyalkyl group in the formula (ll-a) is in the range of preferably 1 to 
18, more preferably 2 to 9, the number of carbon atoms of the hydroxycycloalkyl group is in the range of preferably 3 
25 to 10, more preferably 3 to 8, and the number of carbon atoms of the polyalkylene glycol group is in the range of 
preferably 1 to 8, more preferably 2 to 4. ~ 

[0152] When Z is -NR 7 , R 7 is an alkyl group which may be substituted with any of a halogen, a hydroxyl group, an 

amino group, a substituted amino group, an acyl group and an alkoxy group, and R 6 is a hydrogen atom. 

[0153] . Examples of the unsaturated monomers (ll-a) represented by the formula (ll-a) wherein Z is an oxygen atom 

30 include 2 -hydroxy ethyl acrylate, 2-hydroxy ethyl methacrylate, 2-hydroxypropyl acrylate, 2-hydroxypropyl methacrylate, 
3-chloro-2-hydroxy propyl methacrylate, 3-phenoxy-2-hydroxypropyl acrylate, 4-hydroxybutyl acrylate, 2-hydroxy butyl 
acrylate, 2-hydroxybutyl methacrylate, 6-hydroxyhexyl acrylate, 1 ,4-hydroxyhexanedimethanol monoacryiate, polyeth- 
ylene glycol monomethacrylate (n=2), polyethylene glycol monomethacrylate (n=4), polyethylene glycol monometh- 
acrylate (n=5), polyethylene glycol monomethacrylate (n=8), polyethylene glycol monomethacrylate (n=10), polyeth-^ 

35 ylene glycol monomethacrylate (n=15), polypropylene glycol monomethacrylate (n=5), polypropylene glycol mono- 
methacrylate (n=9) and polypropylene glycol monomethacrylate (n=1 2). 

[0154] Examples of the unsaturated monomers (ll-a) represented by the formula (ll-a) wherein Z is -NR 7 include N- 
methylol acrylamide, N-methoxymethyl acrylamide, N-ethoxy methyl acryjamide, N,N-dimethylaminopropyl acrylamide, 
N,N-dimethylaminopropyl methacrylamide and'diacetone acrylamide. 
40 [0155] These unsaturated monomers (ll-a) can be used singly or in combination of two or more kinds. 

[0156] Of the unsaturated monomers (ll-a), hydroxyl group-containing monomers are preferable. Of the hydroxyl 
group-containing monomers, 2-hydroxypropyl acrylate and 2-hydroxybutyl methacrylate are preferably used, because 
an antifouling coating film having proper elution properties can be obtained. 

45 Unsaturated monomer constituent unit (c) 

[0157] The unsaturated monomer constituent unit (c) constitutes the silyl (meth)acrylate copolymer of the invention 
together with the constituent unitsr(a) and (b), and is different from any of the constituent units (a) and (b). 
[0158] Examples of the unsaturated monomers (cT), from which the unsaturated constituent unit (c) can be derived, 
so include (meth)acrylic esters, such as methyl (meth)acrylate, ethyl (meth)acrylate and octyl (meth)acrylate; styrenes, 
such as styrene, vinyltoluene and a-methylstyene; vinyl esters, such as vinyl acetate, vinyl benzoate, vinyl propionate 
and vinyl butyrate; crotonic esters; itaconic esters; fumaric esters; and maleic esters. Of these, (meth)acrylic esters, 
styrenes and vinyl esters are preferably used, because an antifouling coating film having proper strength of coating 
film can be obtained. 

55 [0159] These unsaturated monomers are used singly or in combination of two or more kinds. 

[0160] In the silyl (meth)acrylate copolymer of the invention, the silyl (meth)acrylate constituent units (a) are desirably 
contained in amounts of 20 to 80 % by weight, preferably 30 to 70 % by weight, the acrylic unsaturated monomer 
constituent units (b) are desirably contained in amounts of 0.01 to 40 % by weight, preferably 0.1 to 20 % by weight, 
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and the unsaturated monomer constituent units (c) are desirably contained in amounts of 5 to 79.99 % by weight, 
preferably 10 to 60 % by weight, with the proviso that the total amount of the constituent units (a), (b) and (c) is 100 
% by weight, from the viewpoints of strength and degree of consumption of a coating film. 

[0161] The weight-average molecular weight of the sityl (meth)acrylate copotymer (A-1), as measured by gel per- 
5 meation chromatography (GPC), is desired to be not more than 200,000, preferably 5,000 to 100,000, from the view- 
points of ease of preparation of an antifouling paint containing the sityl (meth)acrylate copolymer (A-1), painting work- 
ability of the resulting antifouling paint, consumption rate of an antifouling coating film, and crack resistance of the 
coating film. 

io Preparation of silyl (meth)acrylate copolymer (A-1 ) 

[0162] The silyl (meth)acrylate copolymer (A-1) can be obtained by random polymerizing. 20 to 80 % by weight of 
the silyl (meth)acrylate (a1 ) represented by the formula (l-a), 0.01 to 40 % by weight of the unsaturated monomer (b1 ) 
represented by the formula (ll-a) and 5 to 79.99 % by weight of another unsaturated monomer (c1) copolymerizable 
75 with the monomers (l-a) and (ll-a), the total amount of said components (a1), (b1) and (c1) being 100 % by weight, by 
various processes such as solution polymerization, bulk polymerization, emulsion polymerization and suspension po- 
lymerization in the presence of a radical polymerization initiator. 

[0163] ' As the radical polymerization initiator, azo compounds and peroxides hitherto known can be widely used. 
Examples of the azo compounds include 2,2'-azobisisobutyronitrile, 2,2'-azobis(2-methylbutyronitrile) and 2,2-azobis 
20 (2,4-dimethylvaleronitrile). Examples of the peroxides include benzoyl peroxide, tert-butyl peroxyacetate, tert-butyl 
peroxyoctate, cumene hydroperoxide, tert-butyl peroxide, tert-butyl peroxybenzoate, tert-butyl peroxyisopropyl car- 
bonate, tert-butyl hydroperoxide and persulfates (potassium salt, ammonium salt). 

[0164] When the resulting polymer is used for an antifouling paint, solution polymerization and bulk polymerization 
wherein polymerization is carried out in an organic solvent are preferable out of the above-mentioned various polym- 
25 erization processes. 

[0165] Examples of the organic solvents used in the solution polymerization include: 

aromatic hydrocarbons, such as xylene and toluene; 
aliphatic hydrocarbons, such as hexane and heptane; 
30 esters, such as ethyl acetate and butyl acetate; 

alcohols, such as isopropyl alcohol and butyl alcohol; 

ethers, such as dioxane and diethyl ether; and 

ketones, such as methyl ethyl ketone and methyl isobutyl ketone. 

35 [01 66] These solvents are used singly or in combination of two or more kinds. 

Second silyl (meth)acrvlate copolymer (A-2) 

[0167] The second silyl (meth)acrylate copolymer (A-2) of the invention comprises silyl (meth)acrylate constituent 
'40 units (d) represented by the formula (III), silyl (meth)acrylate constituent units (e) represented by the formula (IV) and 
unsaturated monomer constituent units (f) other than the constituent units (d) and (e). 

[0168] The constituent units (d), (e) and (f) for constituting the silyl (meth)acrylate copolymer (A-2) are described 
below in this order. 

45 Silyl (meth)acrylate constituent unit (d) 

[0169] The silyl (meth)acrylate constituent unit (d) is represented by the following formula (III). 

50 -CH 2 -CR(COOSiR 11 R 12 R 13 ) (III) 

[0170] In the formula (III), R is a hydrogen atom or a methyl group, and R 11 and R 12 are each independently a straight- 
chain alkyl group of 1 to 10 carbon atoms, preferably 1 to 8 carbon atoms, more preferably 1 to 6 carbon atoms, a 
phenyl group which may have a substituent group or a trimethylsilyloxy group. Examples of the straight-chain alkyl 
55 groups include methyl, ethyl, n-propyl, n-butyl, n-pentyl, n-hexyl, n-heptyl, noctyl, n-nonyl and n-decyl. 

[0171] Examples of the substituent groups which can be substituted for hydrogen atoms in the phenyl group include 
alkyl, aryl and halogen. 
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[0172] R 13 is an alkyl group of 1 to 18 carbon atoms, preferably 1 to 12 carbon atoms, more preferably 1 to 9 carbon 
atoms, which may have a cyclic structure or a branch, a phenyl group of 6 to 10 carbon atoms, preferably 6 to 8 carbon 
atoms, which may have a substituent group, or a trim ethyls ilyloxy group represented by (CH 3 ) 3 SiO. 
[01 73] Examples of the alkyl v groups include: 

the straight-chain alkyl groups exemplified above; 

branched alkyl groups, such as isopropyl, isobutyl, sec-butyl, tert-butyl and neopentyl; and 

alicyclic alkyl groups having alicyclic structure (cyclohexane ring, norbornan ring), such as cyclohexyl and ethyli- 

denenorbornyl. 

[0174] Although R 11 , R 12 and R 13 may be the same or different, they are each preferably methyl, ethyl, n-propyl, n- 
butyl, n-hexyl or trimethylsilyloxy, and particularly preferably methyl, n-propyl, n-butyl and n-hexyl. 
[0175] The silyl (meth)acrylate (d1), from which the silyl (meth)acrylate constituent unit (d) is derived, is represented 
by the following formula (IN-d). 

CH 2 =CR(COOSiR 11 R 12 R 13 ) (lll-d) 

[0176] In the formula (lll-d), R is the same as R in the.formula (III) and is a hydrogen atom or a methyl group, R 11 
and R 12 are the same as R 11 and R 12 in the formula (III) and are each independently a straight-chain alkyl group of 1 
to 10 carbon atoms, a phenyl group which may have a substituent group or a trimethylsilyloxy group, and R 13 is the 
same as R 13 in the formula (III) and is an alkyl group of 1 to 18 carbon atoms which may have a cyclic structure or a 
branch, a phenyl group of 6 to 10 carbon atoms which may have a substituent group or a trimethylsilyloxy group. 
[0177] Examples of the silyl (meth)acrylates (lll-d) include: 

aliphatic silyl (meth)acrylates wherein R 11 , R 12 and R 13 are the same as one another, such as trimethylsilyl (meth) 
acrylatertriethylsilyl (meth)acrylate, tri-n-propylsilyl (meth)acrylate, tri-n-butylsilyl (meth)acrylate, tri-n-pentylsilyl 
(meth)acrylate, tri-n-hexylsilyl (meth)acrylate, tri-n-heptylsilyl (meth)acrylate, tri-n-octylsilyl (meth)acrylate, tri-n- 
nbnylsilyl (meth)acrylate and tri-n-decylsilyl (meth)acrylate; 

aromatic or siloxane type silyl (meth)acrylates wherein R 11 , R 12 and R 13 are the same as one another, such as 
triphenylsilyl (meth)acrylate and tris(trimethylsilyloxy)silyl (meth)acrylate; and 

aliphatic silyl (meth)acrylates wherein R 11 , R 12 and R 13 are partly or entirely different from one another, such as 
dimethyl-n-propylsilyl (meth )acry late, isopropyldimethylsilyl (meth )acry late, di-n-butyl-isobutylsilyl (meth) aery late, 
n-hexyldimethyisilyl (meth )acry late, sec-butyldimethylsilyl (meth)acrylate, monomethyl-di-ri-propylsilyl (meth)acr- 
ylate, methylethyl-n-propylsilyl (meth)acrylate, ethylidenenorbomyldimethylsilyl (meth )acry late, trimethylsilyloxy- 
dimethylsilyl (meth)acrylate 

(CH 2 =C(CH 3 )COOSi(CH3) 2 (OSi(CH 3 )3), 

and 

CH 2 =CHCOOSi(CH 3 ) 2 (OSi(CH 3 ) 3 )). 

[0178] In the present invention, such silyl (meth)acrylates (lll-d) can be used singly or in combination of two or more 
kinds. 

\ 

Silyl (meth)acrvlate constituent unit (e) 

[0179] The silyl (meth )acry late constituent unit (e) is represented by the following formula (IV). 

-CH 2 -CR(COOSiR 14 R 15 R 1$ ) (IV) 

[0180] In the formula (IV), R is a hydrogen atom or a methyl group, and R 14 and R 15 are each independently a 
branched alkyl group of 3 to 1 0 carbon atoms, preferably 3 to 8 carbon atoms, or a cycloalkyl group of 3 to 1 0 carbon 
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atoms, preferably 3 to 9 carbon atoms. 

[0181] Examples of the branched alkyl groups include the same ones as in the formula (III), such as isopropyl, 
isobutyl, sec-butyl, tert-butyl, and neopentyl. 

[0182] Examples of the cycloalkyl groups include cyclohexyl and ethytidenenorbornyl. 

[0183] R 16 is a straight-chain alkyl group of 1 to 10 carbon atoms, preferably 1 to 8 carbon atoms, more preferably 
1 to 6 carbon atoms, a branched alkyl or cycloalkyl group of 3 to 10 carbon atoms, preferably 3 to 9 carbon atoms, a 
phenyl group of 6 to 10 carbon atoms, preferably 6 to 8 carbon atoms, which may have a substituent group, or a 
trimethylsilyloxy group. 

[0184] Examples of the straight -chain alkyl groups, the branched alkyl or cycloalkyl groups and the phenyl groups 
of R 16 include the same groups as described above. 

[0185] R 14 , R 15 and R 16 may be the same or different. When they are the same, they are preferably isopropyl, sec- 
butyl or isobutyl, particularly preferably isopropyl or sec-butyl. 

[0186] When R 14 , R 15 and R 16 are partly or entirely different, R 14 and R 15 are each preferably isopropyl, isobutyl, 
sec-butyl or tert-butyl although they may be the same or different, and R 16 is preferably methyl, ethyl, propyl, isopropyl, 
n-butyl, isobutyl or trimethylsilyloxy. 

[0187] The silyl (meth)acrylate (el ), from which the silyl (meth)acrylate constituent unit (e) is derived, is represented 
by the following formula (IV-d). 

CH 2 =CR(COOSiR 14 R 15 R 16 ) (IV-d) 

[0188] In the formula (IV-d), R is the same as R in the formula (IV) and is r a hydrogen atom or a methyl group, R 14 
and R 15 are the same as R 14 and R 15 in the formula (IV) and are each independently a branched alkyl group of 3 to 
10 carbon atoms or a cycloalkyl group of 3 to 10 carbon atoms, and R 16 is the same as R 16 in the formula (IV) and is 
a straight-chain alkyl group of 1 to 10 carbon atoms, a branched alkyl or cycloalkyl group of 3 to 10 carbon atoms, a 
phenyl group of 6 to 10 carbon atoms which may have a substituent group or a trimethylsilyloxy group. 
[0189] Examples of the silyl (meth)acrylates (IV-d) include: 

silyl (meth)acrylates wherein R 14 , R 15 and R 16 are the same as one another, such astriisopropylsilyl (meth)acrylate, 
triisobutylsilyl (meth)acrylate and tri-sec-butylsilyl (meth)acrylate; and 

silyl (meth)acrylates wherein R 14 R 15 and R 16 are partly or entirely different from one another, such as diisopro- 
pylcyclohexylsilyl (meth)acrylate, diisopropylphenylsilyl (meth)acrylate, diisopropyltrimethylsiloxysilyl (meth)acr- 
ylate, di-sec-butylmethylsilyl (meth)acrylate, di-sec-butylethylsilyl (meth)acrylate, di-sec-butyltrimethylsilyloxysilyl 
(meth)acrylate and isopropyl-sec-butylmethylsilyl (meth)acrylate. 

[0190] In the present invention, such silyl (meth)acrylates (IV-d) can be used singly or in combination of two or more 
kinds. 

[0191] When ease of synthesis of the silyl (meth)acrylate copolymer and film-forming properties, storage stability 
and polish ing-cleaning controllability of an antifouling paint composition using the silyl (meth )acry late copolymer are 
taken into consideration, of such silyl (meth)acrylate, it is preferable to use a combination of at least one compound 
selected from trimethylsilyl (meth)acrylate, triethylsilyl (meth)acrylate, tri-n-propylsilyl (meth)acrylate, tri-n-butylsilyl 
(meth)acrylate, n-hexyldimethylsilyl (meth)acrylate, n-octyldimethylsilyl (meth)acrylate, isopropyldimethylsilyl (meth) 
acrylate, ethylidenenorbomyldimethylsilyl (meth)acrylate, trimethylsilyloxydimethylsilyl ( meth )acry late, bis(trimethylsi- 
lyloxy)methylsilyl (meth)acrylate and tris(trimethylsilyloxy)silyl (meth)acrylate as the silyl (meth)acrylate (lll-d) and at 
least one compound selectedf rom triisopropylsilyl (meth)acrylate, triisobutylsilyl (meth)acrylate, tri-sec-butylsilyl (meth) 
acrylate, di-sec-buty!methylsilyl (meth)acrylate, di-isopropyltrimethylsilyloxysilyl (meth)acrylate and di-sec-butyltri- 
methylsityloxy silyl (meth)acrylate as the silyl (meth)acrylate (IV-d). It is more preferable to use a combination of tri-n- 
butylsilyl (meth)acrylate as the silyl (meth )acry late (lll-d) and triisopropylsilyl (meth)acrylate as the silyl (meth)acrylate 
(IV-d). 

Unsaturated monomer constituent unit (f) 

[0192] The unsaturated monomer constituent unit (f) constitutes the silyl (meth)acrylate copolymer of the invention 
together with the constituent units (d) and (e), and is different from any of the constituent units (d) and (e). 
[0193] Examples of the unsaturated monomers (f1) from which the unsaturated constituent unit (f) can be derived 
include: 
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hydrophobic (meth)acrylic esters, such as methyl (meth)acrylate, ethyl (meth)acrylate, n-, iso-, ortert-butyl (meth) 
acrylate, 2-ethylhexyl (meth )acry late and cyclohexyl (meth)acrylate; 

hydrophilic (meth)acrylic esters, such as 2-hydroxyethyl (meth )acry late, 2-hydroxypropyl ( meth )acry late, 2-hy- 
droxybutyl (meth)acrylate, 4-hydroxy butyl (meth)acrylate, 2-methoxy ethyl (meth)acrylate, methylpolyoxyethylene 
(meth)acrylate and methylpolyoxypropylene (meth)acrylate; 
styrenes, such as styrene, vinyltoluene and a-methylstyrene; 

vinyl esters, such as vinyl acetate, vinyl benzoate, vinyl propionate and vinyl butyrate; and 
organic carboxyiic esters, such as itaconic esters and maleic esters. 

[0194] Of these, preferable are (meth)acrylic esters, styrenes and vinyl esters of organic carboxyiic acids because 
an antifouling coating film having proper strength of coating film can be obtained. 

[0195] When the hydrophilic (meth)acrylic esters are used, degree of consumption of the coating film can be in- 
creased. For this purpose, comonomers having hydrophilic nature, such as acrylamide derivatives, are also employ- 
able. 

[0196] These unsaturated monomers (f1) are used singly or in combination of two or more kinds. 
[0197] In the silyl (meth )acry late copolymer of the invention, the silyl (meth)acrylate constituent units (d) are desirably 
contained in amounts of 0.5 to 50 % by weight, preferably 0.5 to 25 % by weight, the silyl (meth)acryiate constituent 
units (e) are desirably contained in amounts of 1 0 to 70 % by weight, preferably 30 to 65 % by weight, and the unsatu- 
rated monomer constituent units (f) other than the constituent units (d) and (e) are desirably contained in amounts of 
20 to 70 % by weight, preferably 30 to 60 % by weight, with the proviso that the total amount of the constituent units 
(d), (e) and (f) is 100 % by weight, from the viewpoints of prevention of crack occurrence, peel resistance, strength 
and degree of consumption of a coating film. 

[0198] The weight-average molecular weight of the silyl (meth)acrylate copolymer (A-2), as measured by gel per- 
meation chromatography (GPC), is desired to be not more than 200,000, preferably 3,000 to 100,000, particularly 
preferably 5,000 to 50,000, from the viewpoints of ease of preparation of an antifouling paint containing the silyi (meth) 
acrylate copolymer, painting workability of the resulting antifouling paint, consumption rate of an antifouling coating 
film, and crack resistance of the coating film. 

Preparation of silyl (meth)acrylate copolymer (A-2) 

[0199] The silyl (meth)acrylate copolymer (A-2) can be obtained by random polymerizing 0.5 to 50 % by weight of 
the sityl (meth)acrylate (d1) represented by the formula (lll-d), 10 to 70 % by weight of the silyl (meth)acrylate (e1) 
represented by the formula (I V-d) and 20 to 70 % by weight of another unsaturated monomer (f 1 ) copolymerizable with 
the monomers (dl ) and (e1 ), the total amount of said components (dt), (e1) and (f 1 ) being 100 % by weight, by various 
processes such as solution polymerization, bulk polymerization, emulsion polymerization and suspension polymeriza- 
tion in the presence of a radical polymerization initiator. 

[0200] As the radical polymerization initiator, azo compounds and peroxides hitherto known can be widely used. 
Examples of the azo compounds include 2,2 , -azobisisobutyronitrile, 2,2'-azobis(2-methylbutyronitrile) and 2,2'-azobis 
(2,4-dimethylvaleronitrile). Examples of the peroxides include benzoyl peroxide, tert-butyl peroxyacetate, tert-butyl 
peroxyoctate, cumene hydroperoxide, tert-butyl peroxide, tert-butyl peroxybenzoate, tert-butyl peroxyisopropyl car- 
bonate, tert-butyl hydroperoxide and persulfates (potassium salt, ammonium salt). 

[0201] When the resulting polymer is used for an antifouling paint, solution polymerization and bulk polymerization 
wherein polymerization is carried out in an organic solvent are preferable out of the above-mentioned various polym- 
erization processes. 

[0202] Examples of the organic solvents used in the solution polymerization include: 

aromatic hydrocarbons, such as xylene and toluene; 

aliphatic hydrocarbons, such as hexane and heptane; 

esters, such as ethyl acetate and butyl acetate; 

alcohols, such as isopropyl alcohol and butyl alcohol; 

ethers, such as dioxane and diethyl ether; and 

ketones, such as methyl ethyl ketone and methyl isobutyl ketone. 

[0203] These solvents are used singly or in combination of two or more kinds. 

Uses of the first and the second silyl (meth)acrvlate copolymers (A-1) and (A-2) 

[0204] The first silyl (meth)acrylate copolymer (A-1 ) and the second silyl (meth )acry late copolymer (A-2) of the in- 
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vention obtained as above are each favorably used as a film-forming component and an elution controlling component 
of a paint, particularly an antifouling paint. 

[0205] The antifouling paint composition using the first silyl (meth )acry late copolymer (A-1 ) or the second silyl (meth) 
acrylate copolymer (A-2) is described below. 

Antifouling paint composition 

[0206] The antifouling paint composition of the invention contains the silyl (meth)acrylate copolymer (A-1) or (A-2), 
and further contains various additives. 

[0207] In the antifouling paint composition (P) of the invention, the first silyl (meth )acrylate copolymer (A-1 ) is con- 
tained as a film-forming component. 

[0208] In the antifouling paint composition (Q) of the invention, at least the first silyl (meth)acrylate copolymer (A-1.), 
an antifouling agent (B) whose representatives are copper and/or a copper compound, and a vinyl ether (co)polymer 
(E) and/or an elution accelerating component (F) are contained. 

[0209] In the antifouling paint composition (R), the second silyl (meth)acrylate copolymer (A-2) is contained as a 
film-forming component and an elution controlling component. 

[0210] According to the antifouling paint composition containing the silyl (meth)acrylate copolymer (A-1) or (A-2), 
there can be obtained an antifouling coating film which hardly suffers from occurrence of cracks, has excellent adhesive 
strength and thereby hardly suffers from peeling, can be favorably controlled in the hydrolysis rate, and is excellent in 
antifouling performance, antifouling properties, particularly antifouling properties in a highly fouling environment, and 
long-term antifouling properties. 

First antifouling paint composition (P) 

[0211] The first antifouling paint composition (P) of the invention contains the silyl (meth )acry late copolymer (A1) 
(sometimes referred to as a "(meth)acrylic silyl ester copolymer (A-1 )') as its essential component, and may further 
contain, in addition to the silyl (meth)acrylate copolymer (A-1 ), various additives, e.g., an antifouling agent (B) such as 
copper and/or a copper compound (B-1) or a pyrithione compound (B-2), zinc oxide (zinc white) (C), an inorganic 
dehydrating agent (D), an anti-sagging anti-settling agent, an elusion accelerating component (F) such as rosin, a 
plasticizer such as chlorinated paraffin, a pigment such as coloring pigment or extender pigment, a resin such as acrylic 
resin or polyalkyl vinyl ether (vinyl ether (co)polymer) (E), an anti-foaming agent, a color separation inhibitor and a 
leveling agent. 

Second antifouling paint composition (O) 

[0212] The second antifouling paint composition (Q) of the invention contains, as its essential components, the silyl 
(meth)acrylate copolymer (A-1 ), an antifouling agent (B), and a vinyl ether (co)polymer (E) and/or an elution accelerating 
component (F), and may further contain, in addition to the components (A-1 ), (B), and (E) (and/or (F)), various additives, 
e.g., zinc oxide (zinc white), an inorganic dehydrating agent, an anti-sagging anti-settling agent, a plasticizer such as 
chlorinated paraffin, a pigment such as coloring pigment or extender pigment, a resin other than the vinyl ether (co) 
polymer (E), such as acrylic resin, an anti-foaming agent, a color separation inhibitor and a leveling agent. 

Third antifouling paint composition (R) 

[0213] The third antifouling paint composition (R) of the invention contains the silyl (meth)acrylate copolymer (A-2) 
(sometimes referred to as a "(meth)acrylic silyl ester copolymer (A-2)") as its essential component, and may further 
contain, in addition to the silyl (meth)acrylate copolymer (A-2), various additives, e.g., an antifouling agent (B) such as 
copper and/or an inorganic copper- compound (B-3), zinc oxide (zinc white) (C), a dehydrating agent such as an inor- 
ganic dehydrating agent (D), an anti-sagging anti-settling agent, an elusion accelerating component (F) such as rosin, 
a plasticizer such as chlorinated paraffin, a pigment such as coloring pigment or extender pigment, a resin such as 
acrylic resin or polyalkyl vinyl ether (vinyl ether (co)polymer (E)), an anti-foaming agent, a color separation inhibitor 
and a leveling agent. 

[0214] Next, the essential components other than the silyl (meth)acrylate copolymers (A-1) and (A-2) and various 
additives are described. 

Antifouling agent (B) 

[0215] The antifouling agent (B) may be any of inorganic type and organic type. 



19 



EP1 016 681 A2 



[0216] Although various antifouling agents hitherto known can be widely used in the invention, 

when the antifouling agent (B) is introduced into the first antifouling paint composition (P), copper and/or a copper 
compound (B-1) or a pyrithione compound (B-2) is preferable; 

when the antifouling agent (B) is introduced into the second antifouling paint composition (Q), copper and/or a 
copper compound (B-1) is preferable; and 

when the antifouling agent (B) is introduced into the third antifouling paint composition (R), copper and/or a copper 
compound (B-1 ) (particularly copper and/or an inorganic copper compound (B-3)) or an organic antifouling agent 
(B-4) such as metal pyrithione is preferable. 

[0217] The copper and/or the copper compound (B-1) (except pyrithione, the same shall apply hereinafter) to be 
introduced into the antifouling paint composition of the invention is described below. The copper and/or the copper 
compound used herein has a molecular weight of usually 63.5 to 2,000, preferably 63.5 to 1 ,000. 
[0218] The copper compound (B-1) may be any of organic type and inorganic type. Examples of inorganic copper 
compounds (B-3) include cuprous oxide, copper thiocyanate (cuprous thiocyanate, copper rhodanide), basic copper 
sulfate, copper chloride and copper oxide. Examples of organic copper compounds include basic copper acetate, oxine 
copper, copper nonylphenolsulfonate, copper bis(ethylenediamine)-bis(dodecylbenzenesulfonate), copper naphthen- 
ate, copper rosinate and copper bis(pentachlorophenolate). Of these, inorganic copper compounds, particularly cu- 
prous oxide and copper thiocyanate (copper rhodanide), are preferably used. 

[0219] Such copper compounds can be used singly or in combination of two or more kinds, with or without copper. 
[0220] . The copper and/or the copper compound is desirably contained in the antifouling paint composition (P), (Q) 
or (R) of the invention in the total amount of usually 1 to 70 % by weight, preferably 3 to 65 % by weight. Further, based 
on 1 00 parts by weight of the silyl (meth)acrylate copolymer (A-1 ) or (A-2) contained in the antifouling paint composition, 
the copper and/or the copper compound (B-1 ) is desirably contained in the total amount of usually 3 to 1 ,400 parts by . 
weight, preferably 1 0 to 1 ,300 parts by weight. 

[0221] When the copper and/or the copper compound is contained in the antifouling paint composition (P), (Q) or 
(R) in the amount mentioned above, the paint composition tends to have excellent antifouling properties. 
[0222] In the present invention, an organic antifouling agent (B-4) is preferably used together with the copper and/ 
or the copper compound (B-1) (particularly copper and/or inorganic copper compound (B-3) in the antifouling paint 
composition (R)) or in place of the copper and/or the copper compound. The organic antifouling agent is, for example, 
a pyrithione compound (B-2) represented by the following formula (VI) (i.e., metal pyrithione). 




■ . (VI) 



wherein R 21 to R 24 are each independently hydrogen, an alkyl group, an alkoxy group, a halogenated alkyl group, M 
is a metal such as Zn, Cu, Na, Mcj. Ca, Ba, Pb, Fe or Al, and n is a valence of the metal. 

[0223] The pyrithione compound(s) (B-2) are desirably contained in the antifouling paint composition (P), (Q) or (R) 
in the (total) amount of usually 0.1 to 15 % by weight, preferably 0.5 to 10 % by weight. Further, based on 100 parts 
by weight of the silyl (meth)acrylate copolymer (A-1) or (A-2) contained in the antifouling paint composition (P), (Q) or 
(R), the pyrithione compound(s) (B-2) are desirably contained in the (total) amount of usually 0.3 to 300 parts by weight, 
preferably 2 to 200 parts by weight. 

[0224] In the present invention, the following antifouling agents (other antifouling agents) may be contained together 
with the pyrithione compound (B-2) or in place of the pyrithione compound. As the other antifouling agents, those 
hitherto known can be widely used, and examples thereof include tetramethylthiuram disulfide, carbamate type com- 
pounds such as zinc dimethyldithiocarbamate and manganese 2-ethylenebis-dithiocarbamate, 2,4,5,6-tetrachloroi- 
sophthalonitrile, N,N-dimethyldichlorophenylurea, 2-methyrthio-4-tert-butylamino-6-cyclopropylamino-s-triazine, 
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4 } 5-dichloro-2-n-octyl-4-isothia20line-3-one, 2,4,6-trichlorophenylmaleimide, pyridine-triphenylborane and amine- 
triphenyiborane. 

[0225] In the present invention, such antifouling agents can be used singly or in combination of two or more kinds, 
together with the pyrithione compound (metal pyrithione) such as zinc pyrithione (corresponding to a compound of the 
above formula (VI) wherein R 21 to R 24 are each H, M is Zn, and N is 2) or copper pyrithione (corresponding to a 
compound of the above formula (VI) wherein R 21 to R 24 are each H, M is Cu, and N is 2). For example, copper pyrithione 
and/or zinc pyrithione can be used in combination with 4,5-dichloro-2-n-octyM-isothiazoline-3-one. 
[0226] The amounts of various' antifouling agents such as the copper and/or the copper compound (B-1) and the 
pyrithione compound (B-2) contained in the antifouling paint composition (P), (Q) or (R) depend upon the types of the 
antifouling agents and the film-forming copolymer used in the preparation of the antifouling paint composition and the 
types of hulls (e.g., for ocean or coastal area, for various sea areas, made of wood or steel) to be coated with the 
antifouling paint composition, and cannot be determined discriminatingly. However, the total amount thereof is desired 
to be in the range of usually 10 to 1,400 parts by weight, preferably 20 to. 1,300 parts by weight, based on 100 parts 
by weight of the silyl (meth)acrylate copolymer (A-1) or (A-2). 

[0227] If the total amount of the antifouling agents is less than 10 parts by weight, the antifouling paint composition 
sometimes has poor antifouling properties. Even if the total amount thereof exceeds 1 ,400 parts by weight, antifouling 
properties higher than a certain extent cannot be expected, and besides the crack resistance may become poor. 
[0228] When zinc pyrithione and cuprous oxide (Ci^O) are used in combination as the antifouling agents of the 
antifouling paint composition (P), zinc pyrithione may be contained in an amount of 2 to 200 parts by weight based on 
100 parts by weight of the silyl (meth)acrylate copolymer, and cuprous oxide may be contained in an amount of usually 
about 10 to 1,300 parts by weight based on 100 parts by weight of the silyl (meth)acrylate copolymer.. Even if zinc 
pyrithione and cuprous oxide are contained in combination as described above, the antifouling paint composition has 
excellent storage stability and is neither thickened nor gelatinized when stored, differently from the aforesaid conven- 
tional antifouling paints. 

[0229] When copper pyrithione and cuprous oxide (Cu 2 0) are used in combination as the antifouling agents of the 
antifouling paint composition (Q) or (R), copper pyrithione may be contained in an amount of 2 to 200 parts by weight 
based on 1 0G parts by weight of the silyl (meth)acrylate copolymer (A-1 ) or (A-2), and cuprous oxide may be contained 
in an amount of usually about 10 to 1,300 parts by weight based on 100 parts by weight of the silyl (meth)acrylate 
copolymer (A-1 ) or (A-2). 

Zinc oxide (zinc white) (C) 

[0230] In the antifouling paint composition (P), (Q) or (R) of the invention, zinc oxide (zinc white) (C) may be contained. 
By the use of the antifouling paint composition containing zinc oxide, the strength of the resulting coating film can be 
enhanced and the polishing-cleaning properties thereof can be effectively controlled. 

[0231] The zinc oxide is desirably contained in the antifouling paint composition in an amount of usually 0.5 to 35 % 
by weight, preferably 1 to 25 % by weight, from the viewpoints of adjustments of degree of consumption and hardness 
of the coating film. 

Dehydrating agent 

[0232] In the antifouling paint composition (P), (Q) or (R) of the invention, a dehydrating agent of inorganic type or 
organic type, preferably a dehydrating agent of inorganic type (inorganic dehydrating agent (D)), may be contained. 
By introducing the dehydrating agent into the antifouling paint composition, the storage stability of the paint composition 
can be much more enhanced. 

[0233] Examples of the dehydrating agents include anhydrous gypsum (CaS0 4 ), synthetic zeolite type adsorbents 
(e.g., trade name: Molecular Sieves), orthoesters such as methyl orthoformate and methyl orthoacetate, orthoboric 
esters, silicates and isocyanates (e.g., trade name: Additive T1). Particularly, anhydrous gypsum or Molecular Sieves 
is preferably used as the inorganic dehydrating agent (D). Such inorganic dehydrating agents can be used singly or in 
combination of two or more kinds. 

[0234] The dehydrating agent, particularly inorganic dehydrating agent, is desirably added in an amount of usually 
0.02 to 1 00 parts by weight, preferably 0.2 to 50 parts by weight, based on 1 00 parts by weight of the silyl(meth)acrylate 
copolymer (A-1) or (A-2). 

[0235] The inorganic dehydrating agent(s) are desirably contained in the antifouling paint composition (P), (Q) or (R) 
in the (total) amount of usually 0.01 to 10 % by weight, preferably 0.1 to 5 % by weight. If the inorganic dehydrating 
agent is contained in the antifouling paint composition in this amount, the storage stability of the paint composition 
tends to be enhanced. 
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Vinyl ether (co)polvmer (E) 

[0236] The vinyl ether (co)polymer (E) for use in the invention is a (co)polymer containing constituent units derived 
from a vinyl ether represented by the following formula (V): 
5 < 

H 2 C=CHO-R (V) 

wherein R is a hydrocarbon group. 

10 [0227] The vinyl ether (V) has a vinyl ether linkage (H 2 C=CH-0). The hydrocarbon group R in the formula (V) is, for 
example, an aliphatic or aromatic hydrocarbon group usually having 1 to 25 carbon atoms, and the hydrocarbon group 
may be straight-chain or branched or may have an alicyclic structure such as a cyclohexyl ring. The carbon atom C 1 
for constituting the hydrocarbon group (having 2 carbon atoms or more) may form, together with the carbon atom C 2 
contained in the alkyl group and adjacent to the carbon atom C 1 , an ether linkage (C 1 -O-C 2 ) through an oxygen atom. 

15 The hydrogen atoms for constituting the hydrocarbon group may be replaced with other functional groups (e.g., -OH, 
-NH 2 ). 

[0238] More specifically, R in the formula (V) is a monovalent hydrocarbon group, and examples of the monovalent 
hydrocarbon groups include an alkyl group and a phenyl group which may have a substituent group. 
[0239] The vinyl ether (co)polymer (E) desirably is a homopolymer of a vinyl ether represented by the formula (V) 
20 or a vinyl ether copolymer containing as its major component the vinyl ether (V) in an amount of not less than 50 % by 
weight (both polymers are sometimes generically referred to as Vinyl ether (co)polymer"). m 
[0240] Examples of the vinyl ether (co)polymers include polyvinyl methyl ether, polyvinyl ethyl ether, polyvinyl iso- 
propyl ether and polyvinyl isobutyl ether. 

[0241] In the antifouling paint composition, the vinyl ether (co)polymer(s) are desirably contained in the (total) amount 
25 of usually 0.1 to 10 % by weight, preferably 0.2 to 5 % by weight. Further, based on 100 parts by weight of the silyl 
(meth)acryiate copolymer contained in the antifouling paint composition, the vinyl ether (co)polymer(s) are desirably 
contained in the (total) amount of usually 0.3 to 60 parts by weight, preferably 0.6 to 40 parts by weight. 
[0242] When the vinyl ether (co)polymer is contained in the antifouling paint composition in the amount mentioned 
above, antifouling properties, crack resistance, peel resistance and elution rate stability of the resulting coating film 
30 tend to become excellent. 

Elution accelerating component (F) 

[0243] The elution accelerating component (F) for use in the invention has a function of accelerating self polishing 
55 of the coating film in seawater. Examples of the elution accelerating components include rosin (e.g., trade name: Rosin 
WW), derivatives thereof, monocarboxylic acids and salts thereof. 

[0244] Examples of rosin include, gum rosin, wood rosin and tall oil rosin, and any of them is employable in the 
invention. Examples of the rosin derivatives include disproportinated rosin, low-melting disproportionated rosin, hydro- 
genated rosin, polymerized rosin, male ic acid-modified rosin, aldehyde-modified rosin, polyoxyalkylene ester of rosin, 
40 reduced rosin (rosin alcohol), metallic salts of rosin and rosin derivatives (e.g., copper salt, zinc salt and magnesium 
salt of rosin and rosin derivatives), and rosin amine. These rosin and rosin derivatives can be used singly or in com- 
bination of two or more kinds. 

[0245] Examples of the monocarboxylic acids include fatty acids having about 5 to 30 carbon atoms, synthetic fatty 
acids and naphthenic acid. Examples of the salts of monocarboxylic acids include Cu salt, Zn salt, Mg salt and Ca salt 

45 of monocarboxylic acids. Of these elution accelerating components, rosin, rosin derivatives and metallic salts of naph- 
thenic acid are preferable. Such elution accelerating components can be used singly or in combination of two or more 
kinds. In the antifouling paint composition, the elution accelerating component(s) are desirably contained in the (total) 
amount of 0.1 to 30 % by weight, preferably 0.1 to 20 % by weight, more preferably 0.5 to 15 % by weight, in terms of 
solid content. The proportion of the elution accelerating component(s) is desired to be in this range from the viewpoints 

50 of antifouling performance and water resistance of the coating film. 

[0246] Further, based on 100 parts by weight of the silyl (meth)acrylate copolymer contained in the antifouling paint 
composition, the elution accelerating component(s) are desirably contained in the (total) amount of usually 0.3 to 600 
parts by weight, preferably 2 to 300 parts by weight. 

[0247] When the amount of the elution accelerating component contained in the antifouling paint composition is in 
55 the above range, antifouling properties and degree of consumption of the resulting coating film t nd to become excel- 
lent. 
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Anti-sagging anti-settling agent 

[0248] As the anti-sagging anti-settling agent, any of known anti-sagging anti-settling agents can be added in an 
arbitrary amount Examples of the anti-sagging anti-settling agents include salts, such as stearates, lecithin salts and 
5 alkylsulfonates of Al, Ca and Zn, polyethylene wax, amide wax, hydrogenated castor oil wax, polyamide wax, mixtures 
of these waxes, synthetic powdered silica, and polyethylene oxide wax. Of these, preferable are hydrogenated castor 
oil wax, polyamide wax, synthetic powdered silica and polyethylene oxide wax. The anti-sagging anti-settling agents 
on the market are, for example, those under the trade names of "Disparon A-603-20X" and "Disparon 4200-20" available 
from Kusumoto Kasei K.K. 

10 

Pigment Solvent 

[0249] As the pigment, any of hitherto known various organic or inorganic pigments is employable, and examples 
thereof include titanium white, iron red oxide, organic red pigments and talc, various colorants such as dyes may be 
is contained. 

[0250] By the use of a pigment in needle, fiat or scaly form, the crack resistance of the coating film can be much 
more enhanced. 

[0251] As the solvent, any of various solvents which are generally added to antifouling paints, such as those of 
aliphatic type, aromatic type (e.g., xylene, toluene), ketone type, ester type and ether type, is employable. 

20 

Preparation of antifouling paint composition 
Preparation of antifouling paint composition (P) 

2S [0252] The antifouling paint composition (P) according to the invention can be prepared by appropriately using hith- 
erto known processes. For example, to the silyl (meth)acrylate copolymer (A-1), 3 to 1400 parts by weight of copper 
and/or a copper compound, 0 to 300 parts by weight of a pyrithione compound (total of antifouling agents (B): 25 to 
1,200 parts by weight), 0.3 to 200 parts by weight of a vinyl ether (co)polymer (E), 2 to 700 parts by weight of zinc 
oxide that is optionally used, 0.03 to 200 parts by weight of a dehydrating agent (e.g., anhydrous gypsum, molecular 

30 sieves), and proper amounts of other additives such as an anti-sagging anti-settling agent, a pigment and a solvent, 
each amount being based on 1 00 parts by weight of the copolymer (A-1 ), are added at the same time or in an arbitrary 
order, followed by stirring, mixing and dispersing. 

Preparation of antifouling paint composition (O) 

35 

[0253] The antifouling paint composition (Q) according to the invention can be prepared by appropriately using hith- 
erto known processes. For example, to the silyl (meth)acrytate copolymer (A-1), 3 to 1400 parts by weight of copper 
and/or a copper compound, 0 to 300 parts by weight of a pyrithione compound (total of antifouling agents (B): 25 to 
1,200 parts by weight), 0.3 to 200 parts by weight of a vinyl ether (co)polymer (E), 0.5 to 500 parts by weight of an 
40 elution accelerating component (F), 2 to 700 parts by weight of zinc oxide that is optionally used, 0.03 to 200 parts by 
weight of a dehydrating agent (e.g., anhydrous gypsum, molecular sieves), and proper amounts of other additives such 
as an anti-sagging anti-settling agent, a pigment and a solvent, each amount being based on 100 parts by weight of 
the copolymer (A-1), are added at the same time or in an arbitrary order, followed by stirring, mixing and dispersing. 
In this process, it is possible to use any one of the components (E) and (F). 

45 

Preparation of antifouling paint composition (R) 

[0254] The antifouling paint composition (R) according to the invention can be prepared by appropriately using hith- 
erto known processes. For example, to the silyl (meth)acrylate copolymer (A-2), 3 to 1400 parts by weight of copper 

50 and/or a copper compound (particularly copper and/or an inorganic copper compound (B-3)), 0 to 300 parts by weight 
of an organic antifouling agent (B-4) such as a pyrithione compound (total of antifouling agents (B): 25 to 1 ,200 parts 
by weight), 0. 3 to 200 parts by weight of a vinyl ether (co)polymer (E); 2 to 700 parts by weight of zinc white (zinc oxide) 
(C) that is optionally used, 0.03 to 200 parts by weight of a dehydrating agent, particularly an inorganic dehydrating 
agent (D) (e.g., anhydrous gypsum, molecular sieves), and proper amounts of other additives such as an anti-sagging 

55 anti-settling agent, a pigment and a solvent, each amount being based on 100 parts by weight of the copolymer (A-2), 
are added at the same time or in an arbitrary order, followed by stirring, mixing and dispersing. 
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Antifoulinq coating film formed from the antifoulinq paint composition (P), (O) or (R), antifoulinq method using the 
antifoulinq paint composition, and hull or underwater structure coated with the coating film 

[0255] The antifouling paint compositions (P), (Q) and (R) are one-pack type, have excellent storage stability, and 
5 satisfy various property requirements of antifouling paints, such as adhesive strength, durability and antifouling prop- 
erties. 

[0256] By applying the antifouling paint compositions to surfaces of various molded articles, e.g., underwater struc- 
tures (i.e., marine structures) such as water-supply or drain opening of the atomic power plant, coastal roads, undersea 
tunnels, port facilities, sludge<liffusion preventing films for various ocean civil engineering works such as channels 

10 and waterways, hulls, and fishing gears such as ropes and fishing nets, once to plural times in a conventional manner, 
there can be obtained hulls, underwater structures, etc. coated with antifouling coating films having excellent antifouling 
properties and crack resistance. The antifouling paint compositions may be applied directly to the surfaces of hulls, 
underwater structures, etc., or may be applied to the surfaces thereof having been previously coated with an under- 
coating material such as a rust preventive agent or a primer. The surfaces of hulls, underwater structures, etc. having 

75 been coated with the conventional antifouling paint or the antifouling paint composition (P), (Q) or (R) of the invention 
may be further coated with the antifouling paint composition (P), (Q) or (R) of the invention for the purpose of repair. 
There is no specific limitation on the thickness of the antifouling coating film formed on the surface of a hull, an under- 
water structure or the like, and the thickness thereof is, for example, in the range of about 30 to 1 50 |im per coating time. 

20 EFFECT OF THE INVENTION 

[0257] According to the present invention, there is provided a silyl (meth)acrylate copolymer (A-1 ) or (A-2) which can 
produce an antifouling paint capable of forming an antifouling coating film which hardly suffers from occurrence of 
cracks, has excellent adhesive strength and thereby hardly suffers from peeling, can be favorably controlled in the 
2S hydrolysis rate, is excellent in antifouling performance (antifouling activities), antifouling properties, particularly anti- 
fouling properties in a highly fouling environment, and long-term antifouling properties, and is well-balanced among 
these properties. A process for preparing the copolymer (A-1 ) or (A-2) is also provided. 

[0258] According to the present invention, further, there is provided an antifouling paint composition (P), (Q) or (R) 
which is capable of forming an antifouling coating film which hardly suffers from occurrence of cracks, has excellent 

30 adhesive strength and thereby hardly suffers from peeling, can be favorably controlled in the hydrolysis rate, is excellent 
in antifouling performance (antifouling activities), antifouling properties, particularly antifouling properties in a highly 
fouling environment, and long-term antifouling properties, and is well-balanced among these properties. 
[0259] According to the present invention, furthermore, there are provided a coating film having the above-mentioned 
excellent properties and a hull or an underwater structure which is coated with the coating film and has the above- 

3S mentioned excellent properties. 

[0260] According to the present invention, moreover, an antifouling method using the above-mentioned antifouling 
paint composition and having extremely little fear of environmental pollution is provided. 

EXAMPLE 

40 

[0261 ] The present invention is further described with reference to the following examples, but it should be construed 
that the invention is in no way limited to those examples. In the following examples and comparative examples, the 
term "part(s)" means part(s) by weight. 

45 Polymer Preparation Example 

Preparation of silyl (meth)acrylate copolymer (A-1 ) 

[0262] A reactor equipped with a stirrer, a condenser, a thermometer, a dropping device, a nitrogen feed pipe and a 
50 heating/cooling jacket was charged with 100 parts of xylene, and the xylene was stirred under heating at a temperature 
of 85°C in a stream of nitrogen. With maintaining the same temperature, a mixture of 50 parts of triisopropylsilyl acrylate, 
45 parts of methyl methacrylate, 5 parts of 2-hydroxypropyl acrylate and 1 part of 2,2'-azobisisobutyronitrile (polymer- 
ization initiator) was dropwise added to the reactor over a period of 2 hours by means of the dropping device. After the 
reaction solution was stirred for 4 hours at the same temperature, 0.4 part of 2,2 , «azobisisobutyronitrile was added, 
55 and the mixture was further stirred for 4 hours at the same temperature to obtain a colorless transparent solution of a 
silyl (meth)acrylate copolymer (A1 -1 ). 

[0263] The thus obtained solution of the copolymer (A1 -1 ) had a heating residue (after drying for 3 hours in a constant 
temperature vessel at 105°C) of 50.9 %, a viscosity at 25°C of 353 cps, a number-average molecular weight (Mn), as 
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measured by GPC, of 5,132 and a weight-average molecular weight (Mw), as measured by GPC, of 19,344. A GPC 
chromatogram of the copolymer (A1-1) is shown in Fig. 1, and a chart of an IR spectrum thereof is shown in Fig. 20. 
[0264] The conditions for measuring GPC and IR are as follows. 
GPC measuring conditions 

5 

Apparatus: HLC-8120GPC, manufactured by Tosoh K:K. 
Column: Super H2000+H4000, 6 mm I.D., 15 cm, manufactured by Tosoh K.K. 
Eluent: THF 
Flow rate: 0.500 ml/min 
10 Detector: Rl 

[0265] Temperature of column constant temperature bath: 40°C 
IR measuring conditions 

15 Apparatus: 270-30 Model Hitachi Infrared Spectrometer, manufactured by Hitachi, Ltd. 

Measuring method: KBr cell, coating method 

Examples to prepare copolymers (A1 -2) to (A1 -23) and Comparative Examples to prepare copolymers (H1 ) to (H5)~ 
for comparison 

20 

[0266] Copolymers (A1 -2) to (A1 -23) and copolymers (H1 ) to (H5) for comparison were obtained in the same manner 
as in the preparation of the copolymer (A1-1), except that the ingredients to be dropwise added were changed as 
shown in Tables 1 to 5. Property values of the copolymers (solutions) were measured in the same manner as described 
above. 

25 [0267] The results are set forth in Tables 1 to 5. 
Example to prepare copolymer (A2-1) 

[0268] A colorless transparent solution of a silyl (meth)acrylate copolymer (A2-1 ) was obtained in the same manner 
30 as in the preparation of the copolymer (A1-1), except that 5 parts of tri-n-butylsilyl methacrylate was used instead of 
5 parts of 2-hydroxypropyl acrylate. 

[0269] The thus obtained solution of the copolymer (A2-1 ) had a heating residue (after drying for 3 hours in a constant 
temperature vessel at 105°C) of 50.7 %, a viscosity at 25°C of 264 cps, a number-average molecular weight (Mn), as 
measured by GPC, of 5,223 and a weight-average molecular weight (Mw), as measured by GPC, of 19,196. A GPC 
35 chromatogram of the copolymer (A2-1 ) is shown in Fig. 39, and a chart of an IR spectrum thereof is shown in Fig. 42. 
[0270] The conditions for measuring GPC and IR are the same as those for the copolymer (A1-1). 

Examples to prepare copolymers (A2-2) to (A2-1 1 ) and Comparative Examples to prepare copolymers (H1 ) to (H5) for 
comparison 

40 

[0271] Copolymers (A2-2) to (A2-11) were obtained in the same manner as in the preparation of the copolymer 
(A2-1), except that the ingredients to be dropwise added were changed as shown in Tables 6 and 7. Property values 
of the copolymers (solutions) were measured in the same manner as described above. 

[0272] The copolymers (H1 ) to (H5) for comparison are identical with the copolymers (H1 ) to (H5) for comparison 
45 shown in Table 5. 

[0273] The results of property values of the copolymers (A2-1 ) to (A2-11) are set forth in Tables 6 and 7. GPC chro- 
matograms of the copolymer (A2-2) and the copolymer (A2-3) are shown in Fig. 40 and Fig. 41 , respectively, and charts 
of IR spectra thereof are shown in' Fig. 43 and Fig. 44, respectively. 

50 Examples P1 to P29, Examples Q1 to Q52, Comparative Examples PQ1 to PQ5, Examples R1 to R23, and Comparative 
Examples R1 to R5 to prepare Antifouling Paints Examples to prepare antifouling paint compositions 

[0274] To prepare antifouling paint compositions having formulations shown in Tables 8 to 11 (Examples PI to P29), 
Tables 12 to 18 (Examples Q1 to Q52, Comparative Examples PQ1 to PQ5) and Tables 19 to 21 (Examples R1 to 
55 R23, Comparative Examples R1 to R5), the ingredients were shaken all togetherfor 2 hours in a paint shaker containing 
glass beads and then filtered through a 1 00-mesh filter. Thus, the desired antifouling paint compositions were obtained. 
[0275] The antifouling paint compositions were stored for 2 months at ordinary temperature to evaluate storage 
stability. The results are set forth in Tables 8 to 21 . 
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[0276] In the evaluation of storage stability, a viscosity (Ku value measured at 25°C by a Stormer's viscometer) of 
each antifouling paint composition was measured immediately after the preparation and after storage at ordinary tem- 
perature for 2 months, and the storage viscosity was evaluated by the increase in viscosity. 

5 Evaluation criteria 

[0277] 

5: An increase in viscosity is less than 10. 
io 4: An increase in viscosity is less than 20. 

3: An increase in viscosity is less than 30. 
2: An increase in viscosity is not less than 30. 
1 : A Ku value is unmeasurable because of no flowability. 

is [0278] Antifouling properties and degree of consumption of a coating film formed from each antifouling paint com- 
position were evaluated in the manner described below 

[0279] The results are set forth in Tables 8 to 21 , in which the examples and the comparative examples to prepare 
antifouling paint compositions are referred to as B Ex." and "Comp Ex." for short). 

20 Evaluation of antifouling properties 

[0280] A sandblasted steel plate of 70 x 200 x 3 mm was bent so as to be fitted onto the side of a rotating drum 
placed in seawater in Hiroshima Bay. 

[0281] The sandblasted steel plate was coated with an epoxy type zinc-rich primer, further with an epoxy type anti- 
25 corrosive paint next day, and furthermore a vinyl type binder coat two days after, to form coating films superposed in 
this order and having dry film thicknesses of 20 nm, 15 jim and 50 u.m, respectively. Thereafter, the antifouling paint 
composition under test was applied in such an amount that the film thickness after dried would be 200 u/n, to obtain 
a test plate. The test plate was fitted onto the rotating drum, and a test was carried out at a peripheral speed of 5 knots 
under 50 % working conditions (alternation of 1 2-hour working at night and 1 2-hour rest in the day time) for 1 2 months 
30 in a highly fouling environment, to evaluate antifouling properties. 

[0282] In the evaluation of antifouling properties, the surface of the coating film was visually observed and the anti- 
fouling properties were evaluated based on the following criteria. 

= " Evaluation^ritena ^ """ '- ~ " •• -- 

35 

[0283] 

5: Any substance sticking to the surface of the coating film is not observed. 
4: Slime(biofiim) thinly sticking to the surface of the coating film is observed. 
40 3: Slime thickly sticking to the surface of the coating film'is observed. 

2: Slime sticking to the surface of the coating film and plants such as ectocarpales sticking partly to the surface 
thereof are observed. . 

1 : The whole surface of the coating film is covered with plants such as ectocarpales. 
45 [0284] The degree of consumption was evaluated under the following conditions. 

Evaluation of degree of consumption 

\ 

[0285] A disc-shaped sandblasted steel plate having a diameter of 300 mm and a thickness of 3 mm was coated 
50 with an epoxy type zinc-rich primer, further with an epoxy type anticorrosive paint next day, and furthermore a vinyl 
type binder coat two days after, in such amounts that thicknesses of the coating films superposed in this order would 
become 20 u,m, 15 \xm and 50 jim, respectively, followed by drying indoors for 7 days. Thereafter, the antifouling paint 
composition under test was applied radially from the disc center using an applicator having a gap of 500 um, to obtain 
a test plate. 

55 [0286] The test plate was fitted onto a motor and placed in a constant t mperature bath containing seawater at 25° C. 
The motor was rotated at a peripheral speed of 15 knots for 1 month in Examples P1 to P29, Examples Q1 to Q52 and 
Comparative Examples PQ1 to PQ5 (Tables B to 18) and at a peripheral speed of 15 knots for 2 months in Examples 
R1 to R23 and Comparative Examples R1 to R5 (Tables 19 to 21), to evaluate degree of consumption (decrease in 
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film thickness) near the periphery. 

[0287] . The results of the evaluation are set forth in Tables 8 to 21 . 

[0288] Further, the condition of the coating film was visually observed in the measurement of decrease in film thick- 
ness and evaluated based on the following criteria. 

.5 

Evaluation criteria 
[0289] 

io 5: The coating film has nothing unusual. 

4: Fine cracks are observed on a part of the surface of the coating film. 

3: Fine cracks are observed on the whole surface of the coating film. 

2: Conspicuous cracks are observed on a part of the surface of the coating film. 

1 : Conspicuous cracks are observed on the whole surface of the coating film. 

is 

[0290] The results of the evaluation are set forth in Tables B to 21 . 
[0291] The ingredients shown in Tables are as follows. 

(1) Toyoparax 150 

20 available from Tosoh K.K.,. chlorinated paraffin, average carbon number: 14.5, chlorine content: 50 %, vis- 

cosity: 12 poise/25°C, specific gravity: 1.25/25°C 

(2) Rufonal A-25 

available from BASF Co., polyvinyl ethyl ether, viscosity: 2.5 to 6.0 Pa-s/23°C, specific gravity: 0.96/20°C 

(3) Rosin solution 

2S 50% xylene solution of WW rosin 

(4) Copper naphthenate solution 

xylene solution of copper naphthenate, copper content in solution: 8 % 

(5) Soluble anhydrous gypsum D : 1 

available from Noritake Co., Ltd., IIICaS0 4 , white powder, average particle diameter: 15 u/n 
30 (6) Disparon 4200-20 

available from Kusumoto Kasei K.K., polyethylene oxide wax, 20% xylene paste 
(7) Disparon A603-20X 

available from Kusumoto Kasei K.K., fatty acid amide wax, 20% xylene paste 
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Table 8 (continued) 
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Table 9 (continued) 
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22 


22 


20 


20 


A1-2 
A1-3 
A1-4 
A1-5 




















40 


A1-6 
A1-7 
A1-8 
A1-9' 




















45 


A1-10 
A1-11 
A1-12 
AM 3 
AM 4 




\ 
















50 


AM 5 
A1-16 
AM7 
A1-18 




















55 


AM 9 
A1-20 
A1-21 - 
A1-22 


26 


26 


26 


26 













37 
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Table 10 (continued) 



15 



20 



30 



35 



Ingredients 


bX. riy 


bX. rAJ 


Cxt DO ^ 

bX. r*:1 


r„ doo 
bX. rdd 


bX. r*io 


bX. rV4 


C%/ DOC 

bX. r^o 


CTw DOC 

bX. rdo 


C\* DOT 

bX. 


Copolymer 




















solution 








































l-l 1 

n- 1 








































n-o 




















Li yi 
H-4 




















H-5 




















Toyoparax 150 




















Rutonal A-25 












2 


2 






Rosin solution 
















6 


6 


Copper 


















■ 


naphthenate 




















solution 




















Titanium white 


2 


2 


2 


2 


2 


2 


2 


2 


2 


Cuprous oxide 


43 


43 


43 


43 


'43 


43 


43 


43 


43 


Zinc white 


6 


6 


6 


6 


6 


6 


6 


6 


6 


Copper 


3 


3 


3 


3 


3 


3 


3 


3 


3 


pyrithione 




















Anhydrous 


1 


1 


1 


1 


1 


1 


1 


1 


1 


gypsum D-1 




















Disparon 


I.O 


1 .5 


1.5 


1 .5 


1.5 


1 .5 


■1 c 
1 .0 


1.5 


1 c 

1 .0 


4200-20 




















Disparon 


4 


4 


4 


4 


4 


4 


4 


4 


4 


A603-20X 




















Xylene 


13.5 


13.5 


13.5 


13.5 


13.5 


15.5 


15.5 


13.5 


13.5 


Total 


inn 

i UU 


inn 
I uu 


I uu 


inn 

IUU 


inn 

I UU 


inn 
J uu 


inn 
l uu 


mn 

I UU 


inn 

I UU 


Evaluation 




















result 




















Storage 


5 


5 


5 


5 


5 


5 


5 


4. 


4 


stability 




















Antifouling 


5 


5 


5 


5 


5 


5 


5 


5 


5 


properties 




















Degree of 


9 


10 


9 


9 


10 


8 


8 


11 


11 


consumption 




















(p/month) - 




















Condition of 


5 


5 


5 . 


5 


5 


5 


5 


5 


5 


coating film 





















Table 11 



50 



55 



Ingredients 


Ex. P28 


Ex. P29 


Copolymer solution 


AM 


22 


22 


A1-2 






A1-3 






A1-4 






A1-5 







38 
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Table 11 (continued) 



Ingredients 


Ex. P28 


Ex. P29 ' 


Copolymer solution 






A1-6 






A1-7 






A1-8 






A1-9 






A1-10 






AMI 




\ 
t 


A1-12 




A1-13 






A1-14 






A1-15 






A1-16 






A1-17 






AM 8 






A1-19 






A1-20 






A1-21 






A1-22 






A1-23 






H-1 






H-2 






H-3 






H-4 






H-5 






Toyoparax 150 






Rutonal A-25 






Rosin solution 






Copper naphthenate 


4 


4 


solution 






Titanium white 


2 


2 


Cuprous oxide 


43 


43 


Zinc white 


6 


- 6 


Copper pyrithione 


3 


3 


Anhydrous gypsum D-1 


1 


1 


Disparon 4200-20 


15 


1.5 


Disparon A603-20X 


4 


4 


Xylene 


13.5 


13.5 


Total 


100 


100 


Evaluation result 






Storage stability 


4 


4 


Antifouling properties 


5 


5 


Degree of consumption (u7month) 


10 


10 


Condition of coating film 


5 


5 ; 
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Table 12 



5 



10 



20 



30 



35 



40 



SO 



Ingredients 


Ex. Q1 


Ex. Q2 


Ex. Q3 


Ex. Q4 


Ex. Q5 


Ex. Q6 


Ex. Q7 


Ex. Q8 


Ex. Q9 


Copolymer solution 




















Mr 1 


99 


















A1-9 




















r\ I O 






00 














A1 - A 








99 












Ai-R 

n l "O 










99 






















92 








A-t "7 
+ A i - / 














99 






A1 D 
















99 




a i -y 


















99 


A I -1 U 




















Al- It 




















A 1 10 




















AH HO 




















A1-14 




















AH 1 C 




















A HI HO 

Ai-io 




















A 4 H "7 

Al-l7 > 




















A1 .1 Q 
M I - I O 




















AH h n 

A1-19 




















A H Ort 

A 1-20 




















A1-21 




















A1-22 




















A1-23 




















H-1 




















H-2 




















H-3 


■ _ _ : 




_ _ 




„ .. 










H-4 




















H-5 




















Toyoparax 150 








4 


A 

4 










Rittrmal A-0^ 






9 


9 


9 


9 


9 


2 


2 






















oupper napnineriaie 
















. 




coh it ion 




















Titanium white 


2 


2 


' 2 


2 


2 


2 


2 


2 


2 


Cuprous oxide 


43 


43 


43 


43 


43 


43 


43 


43 


' 43 


Zinc white 


6 


6 


6 


6 


6 


6 


6 


6 


6 


Copper pyrithione 


3 


3 


3 


3 


3 


3 


3 


3 


3 


Annyarous gypsum u-i 


H 


i 


i 


i 


i 


i 


i 
i 


1 


1 


DisDaron 4200-20 


1.5"'* 


1.5 


1.5 


1.5 


1.5 


1.5 


1.5 


1.5 


.1.5 


Disparon A603-20X 


4 


4 


4 


4 


4 


4 


4 


4 


4 


Xylene 


15.5 


15.5 


15.5 


11.5 


11.5 


15.5 


15.5 


15.5 


15.5 


Total 


100 


100 


100 


100 


100 


100 


100 


100 


100 


Evaluation result 




















Storage stability 


. 5 


5 


5 


5 


5 


5 


5 


,5 


5 


Antifouling properties . 


5 


5 


5 


5 


5 


5 


5 


5 


5 



40 
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Table 12 (continued) 



5 



Ingredients 


Ex. Q1 


Ex. Q2 


Ex. Q3 


Ex.Q4 


Ex. Q5 


Ex. Q6 


Ex. Q7 


Ex. Q8 


Ex. Q9 


Evaluation result 




















Degree of consumption 


8 


6 


7 


8 


7 


9 


13 


10 


4 


(uVmonth) 




















Condition of coating film 


5 


5 


5 


5 


5 


5 


5 


5 


5 



Table 13 



75 



25 



35 



45 



55 



Ingredients 


Ex. 
Q10 


Ex. Q11 


Ex. Q12 


Ex. Q13 


Ex. Q14 


Ex. Q15 


Ex. Q16 


Ex. Q17 


Ex. Q18 


Copolymer 
solution 


AM 
A1-2 
A1-3 
A1-4 
A1-5 
A1-6 
A1-7 
A1-8 
A1-9 

A1-10 _ 
A1-11 
A1-12 
A1-13 

A1 -1 A 
Al-lO 

A i -tC 

Al-ID 

A1-17 

A1-18 

A1-19 

A1-20 

A1-21 

A1-22 

A1 -23 

H-1 

H-2 

H-3 

H-4 

H-5 


22 


22 


22 


22 


00 

• 


Ed. 


22 


22 


22 


Toyoparax 




















150 




















Rutonal A-25 


2 


2 


2 


2 


2 


2 


2 


2 


2 


Rosin 




















solution 




















Copper 




















naphthenate 




















solution 




















Titanium 


2 


2 


2 


2 


2 


2 


2 


2 


2 


white 
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Table "1 3 (continued) 



70 



75 



20 



Ingredients 


Ex. 
Q10 


Ex. Q11 


Ex. Q12 


Ex. Q13 


Ex. Q14 


Ex. Q15. 


Ex. Q16 


Ex. Q17 


Ex. Q18 


. Copolymer 
solution 


Cuprous 


43 


43 


43 • 


43 


. 43 


43 


43 


43 


43 


oxide 




















Zinc white 


6 


6 


6 


6 


6 


6 


6 


6 


6 


Copper 


3 


3 


3 


3 


3 


3 , 


3 


3 


3 


pyrithione 




















Anhydrous 


1 


1 


1 


-1 


1 


'1 ' 


1 


1 


1 


gypsum D-1 




















Disparon 


1 .0 


1 .5 


1 .O 


1 .o 


1 .o 


1 c 

I ■» 




I .o 


1 .0 


4200-20 




















Disparon 


4 


4 


4 


4 


4 


4 


4 


4 


4 


A603-20X 




















Xylene 


15.5 


15.5 


15.5 


15.5 


. 15.5 


15.5 


15.5 


15:5 


15.5 


loiai 


1U0 


a r\r\ 




1UU 




lUU 


1UU 


inn 
lUU 


1 nn 
lUU 


Evaluation 














- 






result 




















Storaae 


5 


5 


5 


5 


5 


5 


5 


5 


5 


stability 




















Antifouling 


5 


5 


5 


5 


5 


5 


5 


5 


5 


properties ~~" 




















Degree of 


8 


6 


6 


7 


4 


5 


4 


10 


13 . 


consumption 




















(u7month) 




















Condition of 


5 


5 


5 


5 


5 


5 


5 


5 


5 


coating film 





















35 

Table 14 



45 



Ingredients 


Ex. Q19 


Ex. Q20 


Ex. Q21 


Ex. Q22 


Ex. Q23 


Copolymer solution 












AM 
A1-2 
A1-3 
' A1-4 
A1-5 
A1-6 
A1-7 
A1-8 
A1-9 
A1-10 
A1-11 
AM 2 
AM 3 
A1-14 
A1-15 
A1-16 
AM 7 
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Table 14 (continued) 





Ingredients 


Ex. Q19 


Ex. Q20 


Ex. Q21 


Ex. Q22 


Ex. Q23 




Copolymer solution 












5 


A1-1B 








• 






A1-19 


22 












A1r20 




22 










A1--21 






22 






10 


A1-22 








22 




A-U23 










22 




H-1 














H-2 














H-3 












15 


H-4 














H-5 














Toyoparax 150 














Rutonal A-25 


2 


2 


2 


.2 


2 


20 


Rosin solution 














Copper naphthenate 














solution 














Titanium white 


2 


2 


2 


2 


2 


25 


Cuprous oxide 


43 


43 


43 


43 


43 


Zinc white 


6 


6 


6 


6 


6 




florin pr r»\yrithionft 


3 


3 


3 


3 


3 




Anhydrous gypsum D-1 


1 


1 


1 


1 


1 




Disparon 4200-20 


1.5 


1.5 


1.5 


1.5 


1.5 


30 


Disparon A603-20X 


4 


4 


4 


4 


4 




Xylene 


15.5 


15.5 


15.5 


15.5 


15.5 




Total 


100 


100 


100 


100 


100 




Evaluation result 












35 


Storage stability 


5 


5 


5 


5 


5 ' 




Antifouling properties 


5 


5 


5 


5 


5 




Degree of consumption (|i/month) 


15 


18 


14 


16 


17 




Condition of coating film 


5 


5 


5 


5 


5 



40 



Table 15 



45 


ingredients 


Ex. 
Q24 


Ex. Q25 


Ex. Q26 


Ex. Q27 


Ex. Q28 


Ex. Q29 


Ex. Q30 


Ex. Q31 


Ex. Q32 


Copolymer 
solution 




A1-1 


20 




















A1-2 




20 
















50 


A1-3 






20 
















A1-4 








20 














A1-5 










20 












A1-6 












20 








55 


A1-7 














20 








A1-8 
















20 . 






A1-9 


















20 



43 
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Table 15 (continued) 



10 



20 



30 



45 



50 



55 



Ingredients 


Ex. 
Q24 


Ex. Q25 


Ex. Q26 


Ex. Q27 


Ex. Q2B 


Ex. Q29 


Ex. Q30 


Ex. Q31 


Ex. Q32 


Copolymer 
solution 


A1-10 




















A1-11 




















A1-12 




















AM 3 




















A1-14 




















A1-15 




















A1-16 




















A1-17 




















A1-18 




















A1-19 




















A1-20 




















A1-21 




















A1-22 




















- A1-23 




















H-1 




















H-2 




















H-3 




















H-4 


- 


















H-5 




















Toyoparax 








4 


4 










150 




















Rutonal A-25 




















Rosin 


6 


6 


6 


6 


6 


6 


6 


6 


6 


solution 




















Copper 


- , ... 






-. 










. , = . 


naphthenate 




















solution 




















Titanium 


2 


2 


2 


2 


2 


2 


2 


2 


2 


white 




















Cuprous 


43 


43 


43 


43 


43 


43 


43 


43 


43 


oxide 




















Zinc white 


6 


6 


6 


6 


6 


6 


6 


6 


6 


CoDDer 


3 


3 . 


3 


3 


3 


3 


3 


3 


3 


pyrithione 




















Anhydrous 


1 


1 


1 


1 


1 


1 


1 


1 


1 


gypsum D-1 




















Disparon 


1.5 


1.5 


1.5 


1.5 . 


1.5 


1.5 


1.5 


1.5 


1.5 


4200-20 




















Disparon 


4 


4 * 


4 


4 


4 


4 


4 


4 


4 


A603-20X 




















Xylene 


13.5 


13.5 


13.5 


9.5 


9.5 


13.5 


13.5 


13.5 


13.5 


Total 


100 


100 


100 


100 


100 


100 


100 


100 


100 


Evaluation 
result 




















Storag 
stability 


4 


4 


4 


4 


5 


4 


4 


4 


4 



44 
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Table 15 (continued) 



10 



Ingredients 


Ex. 
Q24 


Ex. Q25 


Ex. Q26 


Ex. Q27 


Ex. Q28 


EX..Q29 


Ex. Q30 


Ex. Q31 


Ex. Q32 


Evaluation 




















result 




















Antifouling 


5 


5 


5 


5 


5 


5 


5 


5 


5 


properties 




















Degree of 


11 


10 


9 


14 


12 


13 


'18 


15 


8 . 


consumption 




















(u7month) 




















Condition of 


5 


5 


5 


5 


5 


5 


•5 


5 


5 | 


coating film 





















75 



Table 16 





Ingredients 


Ex. 
Q33 


Ex. Q34 


Ex. Q35 


Ex. Q36 


Ex. Q37 


Ex. Q38 


Ex. Q39 


Ex. Q40 


Ex. Q41 


20 


Copolymer 
solution 




















25 

35 
40 
45 
SO 


A1-1 
A1-2 
A1-3 
A1-4. 

A1-5 ~~ 

A1-6 

A1-7 

A1-8 

A1-9 

A1-10 

A1-11 

A1-12 

A1-13 

A1-14 

A1-15 

A1-16 

A1-17 

A1-18 ^ 

A1-19 

A1-20 

A1-21 

A1-22 

A1-23 

H-1 

H-2 

H-3 

H-4 

H-5 


20 


20 


20 


20 


20 


20 


20 


20 


20 


55 


Toyoparax 
150 

Rutonal A-25 





















45 
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Table 16 (continued) 





Ingredients 


Ex. 


Ex. Q34 


Ex. Q35 


Ex. Q36 


Ex. Q37 


Ex. Q38 


Ex. Q39 


Ex. Q40. 


Ex. Q41 






Q33 


















5 


Copolymer 














> 








solution 






















Rosin 


6 


6 


6 


6 


6 


6 


6 


6 


6 




solution 




















10 


Copper 




















naphthenate 






















solution 






















Titanium 


2 


2 


2 


2 


2 ^ 


2 


2 


2 


2 




white 




















15 


Cuprous 


43 


43 


43 


43 


43 


43 


43 


43 


■43 


oxide 






















Zinc white 


6 


6 


6 


6 


6 


6 


6 


6 


6 




Conner 


3 


3 


3 


3 


3 


3 


3 


3 


3 




pyrithione 




















20 ' 


Anhydrous 


1 


1 


1 


1 


1 ' 


1 


1 


1 


1 




gypsum D-1 






















Disparon 


1.5 


1.5 


1.5 


1.5 


1.5 


1 .5 


1 .5 




1 .O 


























Disparon 


4 


4 


4 


4 


4 


4 


4 


4 


4 


25 


A603-20X 






















Xylene 


13.5 


13.5 


13.5 


13.5 


13.5 


13.5 


13.5 


13.5 


13.5 




Total 


100 


100 


100 


100 


lOU 


lUU 


lUU 


lUU 


1 UU 




Evaluation 




















30 


result 
























4 


4 


4 


4 


4 


4 


4 


4 


4 




stability 






















Antilouling 


5 


5 


5 


5 


5 


5 


5 


5 


5 


35 


properties 






















Degree of 


13 


10 


11 


11 


8 


8 


7 


14 


18 




consumption 






















(uymonth) 






















Condition of 


5 


5 


5 


5 


5 


5 


5 


5 


5 


40 


coating film 






























Table 17 












ingreaienis 


tx. 


tX. LJh-o 


Cv C\AA 
CX. 


Ex. Q45 


Ex. Q46 


Fy CSA7 


Fy HAA 


Py OAQ 

LA. W+C? 


Fy 


45 




Q42 




















Copolymer 






















solution 




\ 
















50 


A1-1 












22 




20 




A1-2 














22 




20 




A1-3 






















A1-4 






















A1-5 




















55 


A1-6 . 






















A1-7 






















A1-8 
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Table 17 (continued) 



10 



20 



25 



30 



40 



. 45 



50 



Ingredients 


Ex. 
. Q42 


Ex. Q43 


EX.Q44 


Ex. Q45 


Ex. Q46 


Ex. Q47 


Ex. Q48 


Ex. Q49 


Ex. Q50 


Copolymer 
solution 


A1-9 




















A1-10 




















A1-11 




















A1-12 




















AM 3 




















A1-14 




















A1-15 




















A1-16 




















A1-17 




















A1-18 




















A1-19 


20 


















A1-20 




20 
















A1-21 






20 














A1-22 








20 












A1-23 










20 










H-1 




















H-2 




















H-3 - 




















H-4 




















H-5 




















) \jy\j\Jai aA 




















150 




















Rutonal A-25 
















1 


1 


Rosin 


g 


6 


6 


6 


6 






5 


5 


solution 

QUI U ll\Jl 1 
































4 


4 






naphthenate 




















solution 




















Titanium 


2 


2 


2 


2 


2 


2 


2 


2 


2 


white 




















Cuorou*; 


43 


43 


43 


43 


43 


43 


43 


43 


43 


oxide 




















Zinc white 


6 


6 


6 


6 


6 


6 


6 


6 


6 


oupper 


O 

o 


o 
o 


o 
o 


o 




3 

w 


3 


3 


3 


pyrithione 




















Anhydrous 


1 


1 


1 


1 


1 


1 


1 


1 


1 


gypsum D-1 




















Disparon 


1.5 




1.5 


1.5 


1.5 


1.5 


1.5 


1.5 


1.5 


4200-20 




















Disparon 


4 


4 


4 


4 


4 


4 


4 


4 - 


4 


A603-20X 




















Xylene 


13.& 


13.5 


13.5 


13.5 


13.5 


13.5 


13.5 


13.5 


13.5 


Total 


100 


100 


100 


100 


100 


100 


100 


100 


100 
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Table 17 (continued) 



10 



15 



ingredients 


ex. 


Cv C\A 0 


Cv t~\AA 

cX. vJ44 


Cv rvic: 

tX. U43 


Cv C\A& 
CX. U*fO 


Cv C\A7 
CX. 


Cv HAR 
CX. <mJ*K5 


Cv OAQ 

ex. vj*fy 


Cv r^n 
ex. uou 


Evaluation 
result 


Storage 


4 


4 


4 


4 


4 


4 


4 


4 


4 


stability 




















Antifouling 


5 


5 


5 


5 


5 


5 


5 


. 5. . 


5 


properties 




















Degree of 


18 


.19 


18 


19 


22 


10 


10 


12 


11 


consumption 




















(uymonth) 




















Condition of 


5 


5 


5 


5 


5 


5 


5 


5 


5 


coating film 





















Table 18 



20 


Ingredients 


EX.Q51 


Ex. Q52 


Comp Ex. 


Comp Ex. 


Comp Ex. 


Comp Ex. 


Comp Ex. 










PQ1 


PQ2 


PQ3 


PQ4 


PQ5 




Copolymer 


















solution 
















25 


AM 
A1-2 
A1-3 
A1-4 


22 


22 












30 


A1-5 
A1-6 
A1-7 
A1-8 
A1-9 
















35 


AMO 
A1-11 
A1-12 
A1-13 
















40 


A1-14 
AM 5 
A1-16 
A1-17 
A1-18 
















45 


A1-19 
A1-20 
A1-21 
A1-22 
















SO 


A1-23 

H-1 

H-2 

H-3 

H-4 






26 


26 


26 


26 




55 


H-5 














26 




Toyoparax 


















150 
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Table 18 (continued) 





Ingredients 


Ex. Q51 


Ex. Q52 


Comp Ex. 


Comp Ex. 


Comp Ex. 


Comp Ex. 


Comp Ex. 










PQ1 


PQ2 


PQ3 


PQ4 


PQ5 


5 


Copolymer 


















solution 


















Rutonal A-25 


1 


1 














Rosin 
















10 


solution 
















Conner 


3 


3 














naphthenate 


















solution 


















Titanium 


2 


2 


2 


2 


2 


2 


2 


15 


white 
















Cunrous 


43 


43 


43 


43 


43 


43 


43 






















7inf* whrtfl 


6 


5 


6 


6 


6 


6 


6 




uopper 


Q 
O 


o 


Q 
O 


o 


o 
o 


o 


q 
o 


20 


pyrithione 


















Anhydrous 


1 


1 


1 


1 


1 


_ 1 


1 




gypsum D-1 


















Disparon 


1.5 


1.5 


1.5 


1.5 


1.5 


1.5 


1.5 




4200-20 
















25 


Disnaron 


4 


4 


4 


4 


4 


4 


4 




A603-20X 


















Xvlene 


13.5 


13.5 


13.5 


13.5 


13.5 


13.5 


13.5 




Total 


100 


100 


100 


100 


100 


100 


100 


30 


Evaluation . 


















result 


















— r 

Storage 


4 


4 


c 
D 


c 
0 


c 
O 


c 
O 


o 
c 




stability 
















35 


Antifouling 


5 


5 


1 


1 


2 


2 


5 




properties 


















Degree of 


13 


12 


1 


1 


2 


2 


53 




consumption 


















(|i/month) 
















40 . 


Condition of 


5 


5 


5 


5 


5 


5 


1 




coating film 

















Table 19 



45 


Ingredients 


Ex. 


Ex. 


Ex. 


Ex. 


Ex. 


Ex. 


Ex. 


Ex. RB 


Ex. R9 


Ex. 






R1 


R2 


R3 


R4 


R5 


R6 


R7 






R10 




Copolymer solution 






















50 


A2-1 r 

A2-2 

A2-3 

A2-4 

A2-5 


26 


26 


26 


26 


26 












55 


A2-6 
A2-7 
A2-B 












26 


26 


26 
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Table 19 (continued) 



10 



15 



50 



Ingredients 


EX. 


bX. 


bX. 


tx. 


bX.. 


bX. 


bx. 


Cv PC 

tX. no 


tx. ny 


Cv 

ex. 




R1 
n i 


R9 

nc 


no 


R4 


R5 


R6 


R7 






R10 


Copolymer solution 






















A2-9 


















26 




A2-10 




















26 


nt* I I 






















n-1 






















H-2 












































H-4 






















H-5 






















Toyoparax 150 












4 


4 


4 






Rutonal A-25 






















Rosin solution 






















Copper naphthenate 






















solution . 






















Titanium white 


^ 2 


2 


2 


2 


2 


2 


2 


2 


2 


2 


Cuprous oxide 


43 


43 


43 


43 


43 


43 


43 


43 


43 


43 


Zinc white 


6 


6 


6 


6 


6 


6 


6 


6 


6 


6 


Copper pyrithione 


3 


3 


3 


3 


3 


3 


3 


3 


3 


3 


4,5-Dichloro-2-n- 






















octyl- 






















4-isothiazoline-3-one 






















Pyridine 






















triphenylborane 






















2,4,5,6-Tetrachloroiso 






















phthalonitrile 






















2,4,6-Trichlorophenyl 






















maleimide 




- ■■ 


---=-=--- ■ 


" 


• ■ ■ 






— =— ■ . 






N,N-Dimethyldichloro 






















phenylurea 






















Anhydrous gypsum D- 
1 

Disparon 4200-20 


I 


M 

1 


1 


i 


i 


i 
1 


1 


, i 


i 


I 


1.5 


1.5 


1.5 


1.5 


1.5 


1.5 


1.5 


1.5 


1.5 


1.5 


Disparon A603-20X 


4 


4 


4 


4 


4 


4 


4 


4 


4 


4 


Xylene 


13.5 


13.5 


13.5 


. 13.5 


13.5 


9.5 


9.5 


9.5 


13.5 


13.5 


Total (Parts by 


100 


100 


100 


100 


100 


100 


100 


100 


100 


100 


weight) 






















Evaluation result 






















Storage stability 


5 


5 


5 


5 


5 


4 


4 


4 


4 


4 


Antifouling properties 


5 


5 


5 


5 


5 


5 


5 


5 


5 


5 


Degree of 


11 


j 12 


15 


18 


14 


12 


13 


15 


12 


19 


consumption 






















(u72 months) 






















Condition of 


5 


5 


5 


5 


5 


5 


5 


5 , 


5 


5 | 


coating film 
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Table 20 



Ingredients 


Ex. 


Ex. 


Ex. 


Ex. 


Ex. 


Ex. 


.Ex. 


Ex. 


Ex. R19 






R12 


R13 


R14 . 


RT5 


R16 


R17 


R18 




Copolymer solution 




















A2-1 


22 


20 


22 














A2-2 








22 


"20 


22 






26 


A2-3 




















A2-4 














20 


20 




A2-5 




















A2-6 




















A2-7 




















A2-8 








































A2-10 




















A2-11 




















H-1 




















H-2 




















H-3 




















H-4 




















H-5 




















Toyoparax 1 50 




















Rutonal A-25 


2 






2 








1 




Rosin solution 




6 






6 




6 


5 




Copper naphthenate 






4 






4 








solution 




















Titanium white . 


2 


2 


2 


2 


2 


2 


2 


2 


2 


Cuprous oxide 


43 


43 


43 


43 


43 


43 


43 


43 


43 


Zinc white 


6 


6 


6 


6 


6 


6 


6 


6 


6 


Copper pyrithione 


3 


3 


3 


3 


3 


3 


3 


3 




4,5-Dichloro-2-n- 








1 


1 


1 


1 


1 




octyl- 




















4-isothiazo!ine-3-one 










- 










Pyridine 










j 








3 


triphenylborane 




















2,4,5,6-Tetrachloroiso 




















phthalonitrile 




















2,4,6-Trichlorophenyl 




















maleimide 




















N N-Dimethvidichlrtro 




















phenylurea 




















Anhydrous gypsum D- 
1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


uisparon *t-^uu-£U 


1 .o 




1 ,t> 


l .D 


1 .£> 


1 c 

1 .D 


1 .0 


1 .o 


I .£> 


Disparon A603-20X 


4 


4 


4 


4 


4 


4 


4 


4 


4 


Xylene 


15.5 


13.5 


13.5 


14.5 


12.5 


12.5 


12.5 


12.5 


13.5 


Total (Parts by 


100 


100 


100 


100 


100 


100 


100 


100 


.100 


weight) 




















Evaluation result 




















Storage stability 


5 


5 


4 


5 


5 


4 


5 


5 


5 
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Table 20 (continued) 



10 



Ingredients 


Ex. 


Ex. 


Ex. 


Ex. 


Ex. 


Ex. 


Ex. 


Ex. 


Ex. R19 




R 11 


R12 


R13 


R14 


R15 


R16 


R17 


R18 ! 




Evaluation result 




















Antifouling properties 


5 


5 


5 


I 5 


5 


5 


5 


5 


5 


Degree of 


13 


21 


20 


15 


24 


22 


25 


26 


14 


consumption 




















(uV2 months) 




















Condition of 


5 


5 


5 


5 


5 


5 


5 


5 


5 


coating film 




















Table 21 


Ingredients 


Ex. 


Ex. 


Ex. 


Ex. 


Comp 


Comp 


Comp 


Comp 


Comp 




R20 


R21 


R22 


R23 


Ex. R1 


Ex. R2 


Ex. R3 


Ex. R4 


Ex. R5 


oopoiymer. solution -< 




















A2-1 




















A2-2 






26 


22 












A2-3 




















A2-4 




















A2-5 




















I A2-6 




















A2-7 




















A2-8 




















A2-9 




















A2-10 




















A2-11 


26 


22 
















H-1 










26 










H-2 ^ 












26 




• 


- — _ . - 


H-3 














26 






H-4 
















26 




H-5 


















26 


Toyoparax 150 








0.5 












Rutonal A-25 




2 




2 












Rosin solution 




















Copper naphthenate 




















solution 




















Titanium white 


2 


2 


2 


2 


2 


2 


2 


2 


2 


Cuprous oxide 


43 


43 


43 


43 


43 


43 


43 


43 


43 


Zinc white 


6 


6 


6 


6 


6 


6 


6 


6 


6 


Copper pyrithione 


3 * 


2 






3 


3 


3 


3 


3 


4,5-Dich1oro-2-n- 




1 




1 












octyl- 




















4-isothiazoline-3-one 




















Pyridine 




















triphenylborane 




















2,4,5,6-Tetrachloroiso 






2 














phthalonitrile 




















2,4,6-Trichlorophenyl 






1 














maleimide 
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Table 21 (continued) 



Ingredients 


Ex. 


Ex. 


Ex. 


Ex. 


Comp 


Comp 


Comp 


Comp 


Comp 




R20 


R21 


R22 


R23 


Ex. R 1 


Ex. R2 


Ex. R3 


Ex. R4 


Ex. R5 


Copolymer solution 




















N ,N-Dimethyldich toro 








3 












phenylurea 




















Anhx/Hmnc n\/r>ciim [""1- 
r\i ii lyuiuuo yyfjbuiii u/- 

1 

Disparon 4200-20 


i 


i 
i 


i 


i 


1 
i 


i 


i 


i 


i 


1.5 


1.5 


1.5 


1.5 


1.5 


1.5 


1.5 


1.5 


1.5 


Disparon A603-20X 


4 


4 


4 


4 


4 


4 


4 


4 


4 


Xvlene 


13 5 


15.5 


13.5 


14.0 


13.5 


13.5 


13.5 


1 3.5 


1 3.5 


Total (Parts by weight) 


100 


100 


100 


100 


100 


100 


100 


100 


100 


Evaluation result 




















Storage stability 


5 


5 


5 


5 


5 


5 


5 


5 


2 


Antifouling properties 


5 


5 


5 ' 


5 


1 


1 


2 


2 


5 


Degree of 


11 


12 


13 


14 


4 


4 


5 


6 


109 


consumption (u/2 




















months) 




















Condition of coating 


5 


5 


5 


5 


5 


5 


5 


5 


1 


film 
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75 
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25 
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Claims _ 

1. A silyl (meth)acrylate copolymer (A-1 ) comprising: 

(a) silyl (meth)acrylatc constituent units of formula (I) in amounts of from 20 to 80 % by weight: 



35 



40 



45 



CH 2 
l 

CR'COOSiR 2 R 3 R 4 

4- 



(i) 



wherein R 1 is hydrogen or methyl, and R 2 , R 3 and R 4 are the same or different and are each alkyl, cycloalkyl 
or optionally substituted phenyl; 

(b) acrylic unsaturated monomer constituent units of formula (II) in amounts of from 0.01 to 40% by weight: 



CH 

50 | 

CR'COZ 



4- 



...(ID 

55 

wherein R 5 is hydrogen or methyl and Z is -OR 6 or -NHR 7 , wherein R 6 is hydroxyalkyl optionally substituted 
with alkyl, aryl or halogen, hydroxy cycloalkyl optionally substituted with alkyl, aryl or halogen or a polyalkylene 
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glycol of formula ^R 8 ©)^ (wherein R 8 is alkylene and n is an integer of from 2 to 50), and R 7 is C^ie alkvl 
optionally substituted with one or more groups selected from halogen, hydroxyl, amino, substituted amino, 
organic acid residue and alkoxy; 
and 

(c) unsaturated monomer constituent units other than the constituent units (a) and (b) in amounts of from 5 to 
79.99 % by weight, 

with the proviso that the total amount of the constituent units (a), (b) and (c) is 100% by weight, 
said silyl (meth)acrylate copolymer (A-1 ) having a weight-average molecular weight, as measured by gel 
permeation chromatography (GPC), of not more than .200,000. 

A process for preparing a silyl meth (aery late) copolymer (A-1), which process comprises polymerizing: 
(a1 ) silyl (meth)acrylate of formula (l-a) in an amount of from 20 to 80 % by weight: 

CH 2 

CR ! COOSiR 2 R 3 R 4 

. ..(3>a) 

wherein R 1 is hydrogen or methyl, and R 2 R 3 and R 4 are the same or different and are each alkyl, cycloalkyl 
or optionally substituted phenyl; 

(b1) an acrylic unsaturated monomer of formula (ll-a) in an amount of from 0.01 to 40 % by weight: 

CH 2 

CR 5 COZ, 

. . , (Il-a) 



wherein R 5 is hydrogen or methyl, Z is -OR 6 or -NHR 7 , wherein R 6 is hydroxyalkyl optionally substituted with 
alkyl, aryl or halogen; hydroxycycloalkyl optionally substituted with alkyl, aryl or halogen or a polyalkylene 
glycol of formula -(R^^H (wherein R 8 is alkylene and n is an integer of from 2 to 50), and R 7 is alkyl 
optionally substituted with one or more groups selected from halogen, hydroxyl, amino, substituted amino, 
organic acid residue and alkoxy; 
and 

(c1) an unsaturated monomer other than the monomers (a1) and (b1), which is copolymerizable with the 
monomers (a1) and (b1), in an amount of from 5 to 79.99 % by weight; 

with the proviso that the total amount of said monomers (ai), (b1) and (d ) is 100 % by weight, 
in the presence of a radical polymerization initiator to obtain a silyl (meth )acry late copolymer (A-1 ) according 
to claim 1 . 

A silyl (meth)acrylate copolymer (A-2) comprising: 

(d) silyl (meth)acrylate constituent units of formula (III): 

-CH 2 -CR(COOSiR 11 R 12 R 13 ) (III) 
wherein R is hydrogen or methyl, R 11 and R 12 are the same or differ nt and are each C^. w straight-chain alkyl, 



54 



EP1 016 681 A2 



optionally substituted phenyl or trimethylsily loxy, and R 1 3 is to A B alkyl, 0 BXoW phenyl optionally substituted 
with alkyl, aryl or halogen or trimethylsilyloxy, 

(e) silyl (meth)acrylate constituent units of formula (IV): 

-CH 2 -CR(COOSiR 14 R 15 R 16 ) (IV) 

wherein R is hydrogen or methyl,- R 14 and R 15 are the same or different and are each C 3 10 10 branched alkyl 
or c 3 to 10 branched alkyl or C 3 10 10 cycloalkyl, and R 16 is t0 10 straight-chain alkyl, C 3 10 10 branched alkyl 
or C 3 10 10 cycloalkyl, optionally substituted C s t0 10 phenyl or trimethylsilyloxy; 

and • » 

(f) unsaturated monomer constituent units other than the constituent units (d) and (e), 

said silyl (meth)acrylate copolymer (A-2) having a weight-average molecular weight (Mw), as measured by 
gel permeation chromatography (GPC), of not more than 200,000. 

A process for preparing a silyl meth(acrylate) copolymer (A-2), which process comprises polymerizing: 
(d1) silyl (meth)acrylate of formula (lll-d): 

CH 2 =CR(COOSiR n R 12 R 13 ) " (lll-d) 

wherein R is hydrogen or methyl, R 11 and R 12 are the same or different and are each to10 straight-chain 
alkyl, optionally substituted phenyl or trimethylsilyloxy, and R 13 is t0 18 alkyl, C 6 10 10 phenyl optionally sub- 
stituted with alkyl, aryl or halogen or trimethylsilyloxy; 
(e1 )~silyl (meth)acrylate of formula (I V-d): 

CH 2 =CR(COOSiR 14 R 15 R 16 ) (IV-d) 

wherein R is hydrogen or methyl, R 14 and R 15 are the same or different and are each C 3to10 branched alkyl 
or c 3 to io cycloalkyl, and R 1S is C 1 to 10 straight-chain alkyl, C 3 to 10 branched alkyl or C 3 10 10 cycloalkyl, op- 
tionally substituted C 6t0 10 phenyl or trimethylsilyloxy; 
and 

(f 1 ) an unsaturated monomer other than the monomers (d1 ) and (e1 ), which is copolymerizable with the mon- 
omers (d1) and (e1), 

in the presence of a radical polymerization initiator to obtain a silyl (meth)acrylate copolymer (A-2) according . 
to claim 3. 

An antifouling paint composition comprising a silyl (meth)acrylate copolymer (A-1) according to claim 1 or a silyl 
(meth)acrylate copolymer (A-2) according to claim 3. 

A composition according to claim 5 which further comprises an antifouling agent (B). 
A composition according to claim 5 or claim 6 which further comprises zinc oxide (C). 

A composition according to any one of claims 5 to 7 which further comprises an inorganic dehydrating agent (D). 

A composition according to any one of claims 5 to 8 which further comprises a (co)polymer (E) comprising con- 
stituent units derived from a vinyl ether of formula (V): 

H 2 C=CHO-R (V) 

wherein R is an optionally substituted hydrocarbon radical. 
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10. A composition according to any one of claims 5 to 9 which further comprises an eiution accelerating component (F). 

11. An antifouling coating film formed from an antifouling paint composition according to any one of claims 5 to 10. 

12. A method of antifouling a hull or structure for use underwater, which method comprises use of an antifouling paint 
composition according to any one of claims 5 to 1 0. ' 

13. A hull or structure for use underwater, the surface of which has been coated with a coating film comprising an 
antifouling paint composition according to any one of claims 5 to TO. 



10 



15 



20 



25 



30 
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45 
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Fig. 13 



A1-17 




—1 1 1 1 1 1 — 

5.00 10.00 
[min] 
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Fig. 17 



A1-21 




5.00 10.00 
[min] 



Fig. 18 

A1-22 




[min] 
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paint compositions, and hulls or underwater structures coated with the antifouling coating 
films 
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(57) A silyl (meth)acrylate copolymer which com- 
prises (a) silyl (meth)acrylate constituent units of formu- 
la (I), or (III) 



4n 

CH 2 



wherein R 1 to R 4 and R to R 13 are as defined herein, (b) 
acrylic unsaturated monomer constituent units of formu- 
la (II) or silyl (meth)acrylate constituent units of formula 
(IV) 



CH 



CR'COOSiR^'R 4 



(I) 



-CH 2 -CR(COOSiR 11 R 12 R 13 ) 



(III) 



^CR 5 COZ 



. . . (ID 



-CH 2 -CR(COOSiR 1 V S R 16 ) 



(IV) 
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wherein R, R 5 , Z and R 14 to'R 16 are as defined herein 
and (c) unsaturated monomer constituent units other 
than .the constituent- units (a) and (b), providing that 
when (a) is a component of formula (I), (b) is a com- 
pound of formula (II); when (a) is a compound of formula 
(III), (b) is a compound of formula (IV); and the total 
amount of the constituent units (a), (b) and (c) is 100 % 
by weight; 



and which has a weight -average molecular 
weight, as measured by GPC, of not more than 200,000. 
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